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EXECUTIVE SUMMARY 

A Remedial Investigation (RI) was conducted at the U.S. Navy 
Naval Education and Training Center (NETC) located in Newport, 
Rhode Island by TRC Environmental Consultants, Inc. (TRC) . The RI 
was conducted by TRC under contract with the United States Navy, as 
part of the Department of Defense Installation Restoration (IR) 
Program, which is similar to the U.S. EPA's Superfund program. The 
NETC facility is currently listed on the U.S. EPA National 
Priorities List (NPL) . 

The Phase I Remedial Investigation Report presents the results 
of Phase I field activities conducted at five sites within the NETC 
facility, as well as the results of Human Health Evaluations 
conducted for the sites. The sites which were studied include the 
following: 

McAllister Point Landfill (Site 01); 
Melville North Landfill (Site 02); 
Old Fire Fighting Training Area (Site 09); 
Tank Farm Four (Site 12) ; and 
Tank Farm Five (Site 13). 

This volume of the report, Volume 11, presents the results of 
the Human Health Eva1 uation, describing the chemicals of potential 
concern, assessing potential exposure pathways and chemical 
toxicity, and characterizing risks associated with each site. The 
sitesf histories, physical characteristics of the sites, the 
activities conducted during the Remedial Investigation, and the 
nature and extent of contamination at and around each site are 
addressed in Volume I of the report. 

This Executive Summary presents an overview of the purpose and 
methodology of risk assessment activities, followed by a site-by- 
site description of the study and its results. 



PURPOSE AND METHODOLOGY 

The primary objectives of the Human Health Evaluation 
conducted at the NETC include the following: 

Examine exposure pathways and contaminant concentrations in 
environmental media at each site; 

Estimate the potential for adverse effects associated with 
the contaminants of concern at each site under current and 
future land use conditions; 

Provide a risk management framework upon which decisions can 
be made regarding what, if anything, should be done at a 
site; 

Identify site or land use conditions that present 
unacceptable risks; and 

Provide a basis from which recommendations for future 
activities at the site can be made which are protective of 
human health. 

METHODOLOGY 

The risk assessment follows guidelines established by the U.S. 
Environmental Protection Agency in the Interim Final Risk 
Assessment Guidance for Superfund, Volume I (Human Health 
Evaluation Manual - Part A )  (1989) and Supplemental Risk Assessment 
Guidance for the Superfund Program, Part 1 - Guidance for Public 
Health Risk Assessments (1989). The general format followed in 
conducting each individual site risk assessment is presented below, 
foll owed by site-specific descriptions of risk assessment findings. 

Chemicals of Potential Concern - For each site, potential 
contaminants of concern have been evaluated and identified for the 
various media identified at the site. For each medium, the 
analytical data were evaluated following EPA guidelines (EPA, 
1989). The chemicals of concern were identified on the basis of 
this evaluation, and a determination was made as to which chemicals 
would be addressed qualitatively and/or quantitatively in the risk 
assessment. In some cases, data qualified with U, J or UJ 
qualifiers ( e . ,  not verified "hitsw) were used in the 
quantitative risk assessment, in accordance with current guidance, 
and these compounds drove the risk assessment. These cases are 
noted where applicable. 

Exposure Assessment - The exposure assessment involved 
considerations of potential receptor populations and migration 
pathways by which contaminants could potentially be transported 
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off-site. Specific exposure scenarios were developed to represent 
potential situations in which humans may be exposed to on-site 
contaminants. 

Potential migration pathways common to all five sites included 
the following: 

0 Migration of surface soil contaminants directly via surface 
runoff, windblown dust, or tracking (tires, shoes, etc.); 

0 Migration of surface soil contaminants indirectly via 
precipitation, leaching and subsequent ground water 
migration, via volatilization to ambient air, or via uptake 
by plants or animals and subsequent human consumption; 

0 Migration of subsurface soil contaminants via precipitation, 
leaching and subsequent ground water migration; and 

0 Migration of ground water contaminants via ground water 
flow. 

Ground water is not used as a drinking water source on or 
downgradient of any of the sites evaluated. 

Potential current human exposure scenarios developed for 
evaluation at the majority of the sites included the following: 

0 Trespassing Scenario - Exposure to children through direct 
access to the site (e.g., trespassers) 

Potential future human exposure scenarios developed for evaluation 
at a majority of the sites included the following: 

0 Construction Scenario - Exposure to adult construction 
workers for a one year period assuming development of the 
site as an industriallresidential site and no remedial 
activities prior to construction; 

0 Commercial /~ndustrial Use Scenario - Exposure to adult 
employees through commercial /industrial use of the site; and 

Residential Use Scenario - Exposure to children from 0 to 6 
years of age and to adults (30 year period) through future 
residential use of the site. 

Assumptions used in evaluating each exposure scenario were 
developed to be conservative yet representative of current and 
anticipated conditions. Uncertainties associated with these 
assumptions were addressed for each scenario at each site. 
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Toxicity Assessment - For each site, the toxic effects of each 
chemical of concern were evaluated, including effects associated 
with exposure and concentrations at which such effects may be 
expected to occur, when available. Chronic and subchronic non- 
carcinogenic effects for the oral and inhalation routes and slope 
factors associated with these effects were identified. 

Risk Characterization - Human health risks were presented with 
regard to potential effects from the contaminants of concern. 
These effects may include potential risks of cancer or non- 
cancerous (systemic) effects. Cancer risk levels, the lifetime 
incremental probabilities of excess cancer due to exposure to the 
site, take into account exposure concentrations and the 
carcinogenic potencies of the chemicals. They are calculated by 
mu1 tiplying exposure dose by the appropriate cancer slope factor 
for each compound and exposure route. Health effects associated 
with exposures to non-carcinogenic chemicals were evaluated 
primarily with regard to reference dose (RfD) values. The 
associated risk was quantitated by the Hazard Index ratio, which is 
the ratio of the exposure dose to the RfD. 

The results of the quantitative risk analysis are presented in 
two basic forms. For carcinogenic risks, risk estimates are 
presented in scientific notation, where a lifetime risk of 1E-04 
represents a lifetime risk of one in ten thousand. The calculated 
risk is compared to the acceptable total site risk range (1E-04 to 
1E-06) for evaluating the need for remediation, as stated in 40 CFR 
Part 300 (March 8, 1990). Both average case (based on the 
geometric mean of the on-site data) and maximum (worst case based 
on the highest concentration detected on-site) cancer risk 
estimates were calculated. For non-carcinogenic risks, the Hazard 
Index Ratio is used. When the total Hazard Index for an exposed 
individual or group of individuals exceeds unity, there may be 
concern for potential non-cancer health effects. Thus, the cancer 
risk and hazard index ratios that constitute a potential concern 
are >1E-04 and >1E+00, respectively. 

In the qualitative risk assessment, analytes for which 
quantitative assessments could not be conducted were evaluated to 
determine if their omission from the quantitative assessment would 
be expected to have a significant impact on the overall risk posed 
by the site. 

The uncertainty analysis identified the major sources of 
uncertainty in the risk assessment as follows: 

Exposure assumptions: 
Exclusion of chemicals due to lack of quantitation or 
missing toxicity data; 

PURPOSE AND METHODOLOGY ES-4 



The use of models to estimate concentrations of chemicals in 
fugitive dust and the volatilization of chemicals during 
home use of ground water; 
Data uncertainties due to infrequent detections, limited 
numbers of samples, qualified data, or uncertainties in 
background sampling locations; 
Toxicity value extrapolations; and 
Potential interactions between carcinogens and between non- 
carcinogens which could lead to increased or diminished 
carcinogenic responses or toxicity. 

Individual descriptions of the Human Health Evaluations are 
presented for each of the five areas of concern in the following 
sections. 
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1.0 BASELINE HEALTH RISK ASSESSMENT 

1.1 Objectives 

This report provides a quantitative health risk assessment (Human Health 

Evaluation) for five Naval Education and Training Center (NETC) sites 

(including the McAllister Point Landfill, the Melville North Landfill, the Old 

Flre Fighting Training Center, Tank Farm Four and Tank Farm Five) In Newport, 

Rhode Island. Its primary objectives are to examine exposure pathways and 

contaminant concentrations in environmental medla, and to estimate the 

potential for adverse effects associated with the contaminants of concern at 

the site under current and future land use conditions. The rlsk assessment 

follows guidelines established by the U.S. Environmental Protection Agency 

(EPA, 1989 and 1989a). 

For each site, specific exposure scenarios have been considered and 

developed to represent potential situations in which humans may be exposed to 

contaminants originating from the site. Efficacy of speciflc remedlal 

programs are not included as part of this analysis. 

Human health risks associated with each slte are presented wlth regard to 

potential effects from the contaminants of concern. These effects may lnclude 

potential risks of cancer or non-cancerous (systemic) effects. A quantitative 

risk assessment for carcinogens involves calculations of the lifetime 

incremental probabilities of cancer that take into account exposure 

concentrations and the carcinogenic potencies of the chemicals. Health 

effects associated with exposures to noncarcinogenic chemicals are evaluated 

primarily with regard to reference dose (RfD) values. This approach for 

non-cancer effects is most useful when exposure doses of the chemical are 

below the RfD thresholds. However, there is often no quantitative way to 
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measure the degree of risk created when concentrations exceed the standard 

thresholds. 

Ultimately, the risk assessment presented in this report is expected to be 

used within a risk management framework. In making decisions concerning what, 

if anything, should be done at a slte (including, for example, the collection 

of additional data or implementation of a remedial program), the results of 

the risk assessment should be used in concert wlth other information on the' 

site. The risk assessment will also identify site or land use conditions that 

present unacceptable risks. The results of the risk assessment identify 

contaminants and exposure pathways contributing the greatest risk to the 

receptor population. From this information, recommendations for future 

activities at the site can be made such that public health is protected. 

This human health evaluation focuses most strongly on the baseline 

conditions at the site. However, the results of this study will help 

decision makers focus on the areas, contaminants, media, pathways and 

receptors of greatest concern at the site, thereby helping to identify future 

remedlal alternatives for the slte. 

1.2 Methodology 

The methodology is structured utilizing the most current methods accepted 

by the EPA in the Interim Flnal Rlsk Assessment Guidance for Superfund, Volume 

I (Human Health Evaluation Manual - Part A )  (1989) and Supplemental Rlsk 

Assessment Guidance for the Superfund Program, Part 1 - Guidance for Public 

Health Risk Assessments (1989a). Where assumptions are made, they are 

realistic but conservative, i.e., protective of public health. In keeping 

with accepted practices for conducting such assessments, all assumptions are 
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carefully discussed and an assessment made of the uncertainty associated with 

the overall health and environmental risk estimates. 

- Following the guidelines accepted by the EPA, the basic components of the 

public health risk assessment will be organized and presented for each site as 

f 01 lows : 

Data Collection; 

Data Evaluation; 

Contaminant Fate and Transport; 

Exposure Assessment; 

Toxicity Assessment; and 

Risk Characterization. 

Each of these components are discussed in detail in relation to each slte. 
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2.0 MCALLISTER POINT LANDFILL - SITE 01 

The McAllister Point Landfill site is located along Narragansett Bay and 

- is bordered to the east by the Penn Central Railroad line and the Defense 

Highway. The site was used as a sanitary landfill over a twenty year period, 

with eventual closure in the mid-1970's. The site is not currently used for 

any naval activities. 

2.1 Identification of Chemicals of Potential Concern 

2.1.1 Data Collection 

A geophysical survey was conducted prior to initiation of sampling 

activities. Fifteen surface soil samples were collected from on-site 

locations, while two off-site surface soil samples were collected as 

background samples. On-site surface soil samples Included four samples 

collected along the shoreline of Narragansett Bay and eleven samples collected 

from outside of suspected capped landflll areas, to characterize undisturbed 

site soil conditions. Cap solls were reportedly chemically characterized in a 

previous slte investigation (conducted by others). The off-slte samples were 

collected to determine background surface soil inorganics levels. 

Twelve soil test borings were located throughout the slte, wlth one test 

boring located off-site to the east. In addition, soil samples were collected 

from seven well borings completed across the site. Two to three samples were 

generally collected from each boring located in the fill area: one from the 

fill material, one from immediately beneath the fill material, and one at the 

water table. Observed fill materials are generally characterized as 

consisting of domestic-type wastes. One near-surface soil sample was 

collected from the off-site test boring. 
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Ground water samples were collected in April 1990 from seven newly 

installed wells and 3 pre-existing wells. Two additional wells were 

- subsequently installed and then sampled in July 1990. Oil was present in one 

well (MW-5s) in September 1990. 

A leachate spring sample was also collected in August 1990 from the 

shoreline of the landfill. 

2.1.2 Data Evaluation 

As detailed in the RI report, the sit,e contains residues from the on-site 

disposal of wastes between 1955 and the mid-1970's. Field studies have 

revealed the presence of numerous organic and inorganic contaminants in the 

soils and ground water. 

In order to organize the data into a form manageable and appropriate for 

the baseline risk assessment the following steps were followed durlng the data 

evaluation process as described by EPA (1989): 

1) Gather and sort all data by medium (i.e. surface soil, subsurface 
soil and ground water); 

2) Evaluate methods of analysis; 

3) Evaluate the sample quantitation limits; 

4) Evaluate the data qualifiers and codes; 

5) Evaluate blank data; 

6) Evaluate tentatively identified compounds (TIC'S); 

7) Evaluate background data: 

8) Develop data sets by medium; and 

9) Develop a set of chemicals of potential concern from the entire 
data set. 
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Briefly, the specific methods used for the McAllister Point Landfill site 

include the following, which correlate with the previously described steps. 

1) All analytical data was initially sorted by medla (surface soil, 
subsurface soil, and ground water); 

2) An evaluation of analytical methods was not considered to be 
necessary as all data used was analyzed by EPA's Superfund 
Contract Laboratory Program (CLP) procedures; 

3) Unusually high sample quantitation limits (SQL's) were not 
commonly reported in any of the matrices analyzed. This 
indicates that in most cases, matrix or chemical interferences in 
the analytical determinations did not cause a loss of sensitivity 
at this site. One-half of the SQL was used for a non-detectable 
reading if there was evidence that the chemical is present in 
that medium. However, for non-detects where it appeared more 
likely that the chemical could be present at a value greater than 
1/2 the SQL, the entire SQL was used. The declslon to use the 
full SQL or 1/2 the SQL was based upon extent and degree of 
contamination within each medium and potential for migration 
between medla. If a chemical was not detected in a single 
medium, transport and fate information was used to determine if 
its presence in related media should dictate that it be included 
in the analysis of thls apparently non-impacted medlum; 

4) Data validation qualifiers were assessed during the data 
evaluation process. As indicated in EPA guidance (EPA, 1989 and 
1989a), data qualified with U, J or UJ qualifiers were used In 
the quantitative risk assessment when appropriate. Chemical data 
qualified with a "U" (not detected) was used as one half the 
SQL. Non-detect values were not ignored based on the presence of 
"hits" within the same medla or based on uncertainty associated 
with analysis (i.e., "UJ" qualified data); 

5) Field and laboratory blanks were used to segregate actual site 
contamination from cross contamination from fleld or laboratory 
procedures. As indicated in EPA (1989), sample results were 
considered positive only if concentrations exceeded ten times the 
concentration of a common laboratory contaminant in a blank, or 
five times the concentration of a chemical that is not considered 
a common laboratory contaminant; 

6) Tentatively identified compounds (TICS) were reported in surface 
and subsurface soil samples across the site. TICs ranged from 
none to three or four unknowns at low concentrations (10-20 
pg/kg) to many TICs (>20) each at elevated concentrations (up to 
100 mg/kg). Similar results were reported for TICs in ground 
water. Due to the uncertainty associated with the quantitative 
and qualitative nature of these TICs, a quantitative assessment 
of risk associated with exposure was not included in thls 
assessment; 
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7) Background soil sampling locations' were identified for this 
site. Surface soil samples SS-15 and SS-16 and a near-surface 
soil boring sample (BB-01 from 0-2 feet) were collected from 
off-site locations and used as reference points. National 
background levels were used as a screening method to evaluate 
non-site related chemicals or commonly encountered naturally 
occurring chemicals In soll. Monitoring well 23 (MW-23) is 
located upgradient of the landfill and off of the landfill site. 
This monitoring well was used as an indication of background 
ground water conditions; and 

8) Tables 2-1 through 2-3 provide the chemicals and concentratlons 
sampled In surface soils, subsurface soils, and ground water, 
respectively. Soil samples taken near the shoreline were 
included in surface sol1 analyses. The leachate spring sample 
was not included in this assessment. Surface water sampling 
(Narragansett Bay) was not included in the Phase I 
investigation. Table 2-4 provides a summary of chemicals of 
potential concern in each media. 

2.1.3 Summary of Surface Soil Data 

Table 2-1 presents a summary of the analytical data associated wlth 

chemicals detected in surface soil, organized by class, including 

semi-volatlle organics, volatile organics, inorganlcs and pesticides/PCBs. 

Each class of chemicals is discussed in detail below. 

Inorganics 

All of the lnorganics analyzed were detected at a mlnimum of one of the 

eighteen locations on-site. Cyanlde, mercury and sodlum were detected least 

frequently (2/18, 3/18 and 3/18, respectively). SQL for lnorganics were not 

unusually high. Comparisons to background levels (see Table 2-1) indicated a 

general trend of - elevated concentrations across the site for antimony, 

arsenic, cadmium, cobalt, copper, lead, mercury, nickel and zinc. Sol1 lead 

was particularly elevated at one near-shoreline location (SS-15), where the 

level was 1,980 ppm. 
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Volatile Organics 

The most frequently detected VOC is acetone (8/16). Other frequently 

- detected VOCs include 2-hexanone, chlorobenzene, ethylbenzene (all detected 

5/16) and styrene, 1,1,2,2-tetrachloroethane, tetrachloroethene, toluene and 

xylene (each detected 6/16). All other VOCs were detected at a minimum of one 

sampling location. In general, concentrations of all VOCs were low (near or 

below SQL). Analytical data for 2-butanone was rejected during the data 

validation process (Table 2-1). Based on this information, quantitative 

assessment of rlsk was not addressed for 2-butanone. 

Semi-volatile Organics 

Of the sixty-five (65) semi-volatlle organics analyzed for In surface soil 

(and llsted in Table 2-l), all were detected at a minimum of one of the 

sixteen sampllng locations. Forty-one semi-volatile compounds were detected 

only one time (see Table 2-1). Polycyclic aromatic hydrocarbons (PAHs) 

detected frequently lnclude acenaphthene (9/16), anthracene (12/16), 

benzo(a)anthracene 1 6 / 1 6 ,  benzo(a)pyrene ( 1 5 1 6  benzo(b)fluoranthene 

(15/16), benzo(k) f luoranthene (15/16), benzo(g ,h, i )perylene (14/16), chrysene 

16/16, dibenzo(a,h)anthracene 11/16) fluoranthene 1 6 1 6 ,  fluorene 

(9/16), indeno(l,2,3cd)pyrene 6 phenanthrene (l6/l6) and pyrene 

15/16). Concentrations of PAHs range from below detection limits (0.044 

mg/kg for naphthalene) to 46 mg/kg (fluoranthene). 

Phthalate esters detected in surface soils include bis(2-ethylhexyll- 

phthalate (3/16), butylbenzylphthalate (3/16), diethylphthalate (2/16), and 

di-n-octylphthalate (4/16). These compounds were detected at a range of 0.37 

mg/kg (di-n-octylphthalate) to 7.9 mg/kg (bis(2-ethylhexyl)phthalate, 

butylbenzylphthalate and di-n-octylphthalate). Table 2-1 presents the range 
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of sample quantitation limits (SQL) for surface soil. Unusually high SQL's 

occurred in surface soil samples. -- 

Pesticides/PCBs 

The most frequently detected Pestlcldes/PCBs mcluded 4,4'-DDD, 4,4'-DDE, 

4,4'-DDT and Aroclor-1254, at frequencies of 3/16, 4/16, 11/16 and 5/16, 

respectively. Concentrations of DDD, DDE and DDT were generally low, wlth a 

range of 0.007 mg/kg (<SQL) for DDT to 1.8 mg/kg (also for DDT). PCB 

concentrations were also low, ranglng from 0.13-0.61 mg/kg In surface soil. 

2.1.4 Summary of Subsurface Sol1 (Boring) Data 

Table 2-2 presents a summary of the analytical data associated with 

chenicals detected in subsurface soll, organized by class ~ncluding 

seml-volatile organics, volatile organics, inorganlcs and pesticides/PCBs. 

Each class 1s discussed In detall as foliows. Depths to twelve feet were used 

in the risk assessment based on potentlal site uses. 

Inorganics 

Of the inorganics analyzed, only thallium was not detected at any of the 

twerlty-elght (28) sampling locations. Many lnorganlcs were detected at or 

near a frequency of 100% (see Table 2-2). SQL's for inorganics were not 

unusually high, and means were not adlusted based on the exclusion of "UJ" 

data. Comparisons to U.S. background levels (see Table 2-2) lndlcated a 

general trend of elevated concentrations across the slte for antimony. 

arsenic. cadmium, cobalt, copper, lead. manganese, mercury, nlckel, selenium 

and zinc. 
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Volatile Organics 

Methylene chloride was not detected on-site. All other VOCs were detected 

- at a frequency greater than 5% (Table 2-2). The most frequently detected VOCs 

include tetrachloroethene (10/28), bromoform (10/28), toluene (151281, 

ethylbenzene (13/28), xylene (13/28) and trichloroethene (13128). In general, 

concentrations of VOCs in subsurface soil were low (near or below the SQL). 

No unusually high SQLs were detected for VOCs. 

Semi-volatile Organics 

All of the sixty-five (65) semi-volatile organics listed i n Table 2-2 for 

subsurface soil were detected at a frequency of greater than 5%. Phenol. 

detected the most infrequently, was found in 12 of 26 possible sampllng 

locations. The most frequently detected compounds include 2-methylnaphthalene 

(20/26), benzo(a)anthracene (23/26), benzo(a)pyrene (20/26), benzo(b1- 

f luoranthene (22/27), benzo(k)f luoranthene (2l/26), chrysene (23126 1, 

fluoranthene (24/26), naphthalene (20/26), phenanthrene (23126) and pyrene 

(24126). In general, concentrations of semi-volatile organic compounds were 

low, and rarely exceeded SQL's. Unusually high SQL's did not occur frequently 

in subsurface soil samples. 

Pesticides/PCBs 

All twenty (20) pesticides and seven (7) PCBs analyzed for were detected 

in subsurface soil at frequencies greater than 5%. The most frequently 

detected pesticides included 4,4'-DDD (22/26) and 4,4'-DDE (18/26). All other 

pesticides were detected at 16 of 26 possible locations. Aroclor-1242 was the 

most frequently detected PCB (19/26). All other PCBs were detected at a 

minimum of 16 out of 26 possible locations. Concentrations of pesticidesIPCBs 
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were low (at or near the SQL). The maxlmum detected pesticide concentration 

in subsurface soil was toxaphene at 2 mg/kg. However, with the exception of 

DDD, DDE, and DDT, detections of pesticides were all qualified as "U" or 

"UJ". Similarly, data for Aroclor-1016, Aroclor-1221, Aroclor-1232 and 

Aroclor-1260 were all qualified as "U" or "UJ". 

2.1.5 Summary of Ground Water Data 

Table 2-3 presents a summary of the analytical data associated with 

compounds detected in a single round of ground water monitoring data. Each 

class of chemicals is discussed in detail below, with the exception of 

pesticides/PCBs, which were not detected at any sampling location. 

Inorganlcs 

All inorganics were detected at a mlnimum of one of the ten possible 

sampling locations. Cyanide, selenium, silver, thalllum and vanadlum were 

detected infrequently (2/10 or less). SQL's for inorganics were not unusually 

high, and mean values were not adjusted based on the exclusion of "UJ" data. 

Volatlle Organics 

All VOCs were detected at a minimum of one of the ten sampling locations. 

The most frequently detected VOCs included acetone, a common laboratory 

contaminant, and 2-hexanone (both detected at a frequency of 8/10). In 

general, concentrations of VOCs were low and most data points were qualified 

as "U" or "UJ". 

Semi-Volatlle Organics 

In a single round of ground water monitoring, the following seml-volatlle 

organic compounds were not detected: 2-chlorophenol, 2-methylphenol, 
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2-nitrophenol, 2,4-dichlorophenol, 2,4-dinitrophenol, 2,4.5-trichlorophenol, 

2,4,6-trichlorophenol, 4-nitrophenol, 4.6-dinitro-2-methylphenol, pentachloro- 

phenol and phenol. The most frequently detected semi-volatile compounds 

detected in ground water include: 2-methylnaphthalene (4/10), diethyl- 

phthalate (5/10) and naphthalene (4/10). All other compounds were detected 

one or more times. In general, concentrations of semi-volatile organic 

compounds were low (at or below the SQL) and much of the analytical data was 

qualified as "U" or "UJ". The semi-volatile organic compound with the highest 

detected concentration was naphthalene at a concentration of 0.24 mg/l. 

2.1.6 Selection of Chemicals of Concern 

Table 2-4 presents a summary of chemicals of potential concern in all 

media sampled (as a range of detection). Chemicals carried through the 

quantitative risk assessment are marked with a single asterisk ( * )  to the left 

of the chemical name. Chemicals discussed in the qualitative risk assessment 

are marked with two asterisks ( * * )  to the left of the chemical name. Those 

chemicals addressed both quantitatively and qualitatively are marked with 3 

asterisks ( * * * ) .  Chemicals detected on site and associated completely with 

data qualifiers ("U" or "UJ" designations) are noted accordingly. Finally, 

contaminants of concern for this site are labeled in Table 2-4. 

Chemicals of potential concern were selected from Tables 2-1 through 2-3 

based upon their presence in a matrix and their potential to produce toxic 

effects. All chemicals positively identified in a matrix are included as 

chemicals of concern, and the associated risks are quantitated if cancer 

potency factors and RfD values are available. If these are unavailable, then 

the chemical's potential to produce adverse health impacts is considered for 

qualitative assessment. 
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Chemicals of potentlal concern are also those with "UJ" qualified data 

because of the uncertainty surroundlng the SQL and thus the sensitivity of the 

analysis. Much of this uncertainty is removed if "UJ" data are the rare 

exception rather than the rule for a chemical, and there are no other sampling 

locations where the chemical was detected in that matrix. Further, if the 

reported SQL is not unusually hlgh and if there are not a priori reasons to 

suspect that the "UJ" data are in a contaminated zone (e.g., other "hits" in 

the matrix, site history, visual/odorous indicators), then it is appropriate 

to treat the data point as not detected and thus exclude it from the 

quantitative risk assessment. 

Some of the chemicals of potentlal concern listed In Table 2-4 were 

selected because of "UJ" data. The number of samples collected from each 

matrlx was not always large, and thus there 1s low confidence that the one or 

several "UJ" samples represent clear evidence of chemlcal absence in that 

matrix. Chemicals of potential concern solely because of "UJ" data were 

included in the risk assessment only if they are carcinogens. Thus, the 

uncertainty surroundlng the "UJ" data 1s handled by inclusion of these data in 

the quantitative risk assessment for carcinogens. In cases where "UJ" data 

are included in the quantitative assessment, the SQL (not one-half the SQL) 

was used because of the probability that the SQL was underestimated In these 

samples. 

2.2 Contaminant Fate and Transport 

This section of the risk assessment evaluates the fate and transport of 

contaminants associated wlth the slte and provldes an indication of future 

contaminant movement. Section 2.1 outlines the occurrence of contammation 

across the site in surface soil, subsurface soll, and ground water. Observed 
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contamination consists mainly of: numerous inorganics, polycyclic aromatic 

hydrocarbons (PAHs), few VOCs and DDT (plus breakdown products) in the surface 

solls; inorganics, PAHs, numerous VOCs and pesticides In the subsurface soils: 

and numerous inorganics in the ground water. 

2.2.1 Potential Routes of Migration 

To determine the fate of contaminants of potential concern at the site. 

information on the physlcal/chemical and environmental fate properties was 

collected for site contaminants. This information is presented in Appendix G 

for selected contaminants of concern. Several of the environmental media 

studied have the potential for off-site migration, prlmarily surface soils and 

ground water. Subsurface soils are not likely to be at risk of transport 

off-slte unless exposed by excavation. Although the subsurface solls contain 

several chemicals of concern, the mode of transport of the chemicals would be 

prlmarily through leachlng and ground water transport. 

Contaminants in surface solls can migrate or be carried from the slte by 

surface runoff (resulting from precipitation), In the form of fine 

particulates sorbed to windblown dust, and by users of the site vla vehlcle 

tires, shoes, etc. In additlon, contaminants can move from the surface soils 

(leavlng the soils in place) through leaching by infiltration of precipitation 

and transport by ground water, and volatilization to ambient air. Flnally, 

transport of contaminants to plants or anlmals which may potentially be 

consumed by humans is a possible route of migration. 

The sampling results have demonstrated that ground water has been impacted 

by the slte thus presenting a posslble mlgratlon path for contaminants which 

have leached downward through solls. Ground water is not currently used as a 
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drlnking water source In the vlcinlty of the site, such that migration off the 

site via production wells 1s not occurrlng. 

2.2.2 Contaminant Distribution and Observed Migration 

The following section examines contaminant presence across the site, (also 

discussed in Section 2.1), In combination wlth the migration pathways to 

provide an understanding of contaminant persistence and migration at the 

site. The discussions below are presented with respect to individual 

contaminants or contaminant groups. Contaminants observed in the 

environmental samples collected from the site include volatlle organic 

compounds, semi-volatile organlc compounds, PCBs, pesticides, and ~norganics. 

Inorganic Analytes 

Many metals have an affinlty for solls (particularly clay particles and 

organic matter In solls) whlch reduces their moblllty. Under extremes of pH. 

some metals can be rendered moblle. The presence of the inorganic analytes, 

particularly the naturally occurrlng elements, must be examined In the context 

of natural background concentratlons, as presented in Table 2-1. The analytes 

which appeared elevated above U.S. background surface soil levels In one or 

more samples are: antimony, arsenic, cadmium, cobalt, copper, lead, mercury, 

nlckel and zlnc. The analytes whlch appeared elevated above background in 

subsurface soil samples Include antimony, arsenic, cadmium, cobalt, copper, 

lead, manganese, mercury, nlckel, selenlum and zlnc. 

All inorganics with the exception of cyanlde (2/10), selenium (l/lO), 

silver (2/10), thallium (2/10) and vanadlum (1/10) were widespread in on-site 

ground water samples, suggesting mlgratlon has occurred from soils and waste 

materials. Comparison of inorganic concentratlons in ground water on-site to 
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upgradient concentrations (monitoring well MW-22) indicates that a general 

trend of elevated concentrations occurs for all lnorganics wlth the exception 

of arsenic and cyanide (Table 2-3). In order to examine the potential 

migration of inorganics off-site, data from monltorlng wells MW-5 and MW-21 

were compared to on-site ground water contamination trends. These two wells 

are located along the shoreline and are representative of ground water quality 

as it exits the site. Beryllium, nickel and zinc appeared to be slightly 

elevated in MW-5S, suggesting movement of these analytes in the ground water. 

Volatile Organic Compounds 

In general, volatile organic compounds (VOCs) were detected infrequently, 

with some exceptions (e.g., toluene at 15/28 in subsurface soil), and at low 

concentrations in soils on-slte. Detected concentrations generally were 

qualified on the basis of data validation revlew and associated with 

validation qualifiers. 

The principal mechanism for the natural removal of aromatic VOCs 1s 

through volatilization (EPA, 1979). Vapor pressures ( @  approximately 20°C) of 

the VOCs of concern range from 3.8 mm Hg (2-hexanone) to 1011 mm Hg 

(chloromethane) and Henry's Law Constants range from 1.49 x atm-m3/mol 

(4-methyl-2-pentanone) to 1.11 x atm-m3/mol (chloromethane) (see Appendlx 

G for Physical/Chemlcal and Environmental Fate Properties). The role of 

biodegradation in the natural attenuation of these compounds is compound 

specific. Ranges of half lives of VOCs in surface water tend to be short (1-2 

weeks) with a few exceptions. Similarly the role of adsorption is compound 

specific (e.g. acetone has little tendency to be retamed by soils); the 

amount adsorbed is highly related to the amount of organic carbon in the sol1 

and is represented numerically by the organlc carbodwater partition 
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coefficient (KO,). The compounds with higher KO, (e.g., ethylbenzene) would 

be preferably partitioned to organlc matter in soils and thus would be less 

likely to be leached from the soils and transported to the ground water. Some 

aromatic hydrocarbons are highly mobile. Benzene, for example, has a moderate 

solubility (1750 mg/l), low Koc (83 ml/g) and short half llfe (1-6 days in 

surface water). Therefore, benzene, because of its tendency to volatilize and 

biodegrade, would be mobile but would not be expected to be very persistent in 

the environment. Conversely, xylenes, wlth their lower solubilities (198 

mg/l) and higher Koc (240 ml/g), would not be as mobile as benzene, but would 

be more persistent in the environment as they would tend to sorb to soil 

particles. Examples of VOCs identifled in the surface soil samples Included 

tetrachloroethene and toluene, probably as a result of thelr relatively hlgh 

Koc, low water solubility and low vapor pressure. 

Subsurface soils contained many VOCs; primarily at low concentrations. 

Subsurface soils showed the greatest pattern of occurrence of VOCs of the 

three media sampled. VOCs detected most frequently and at the greatest 

concentration in subsurface soils lnclude ethylbenzene, tetrachloroethene, 

toluene, trichloroethene and xylenes. In general, these contaminants are only 

moderately mobile in soils, and their presence In subsurface solls may be 

enhanced by past disposal practices. 

Based on the mobility, vapor pressure,  water solubility and potentially, 

disposal practices, of these VOCs, it is not unusual that increasing patterns 

of detection were found in subsurface soils as compared to surface soll. 

Aromatic and chlorinated hydrocarbons were present in a minlmurn of one of 

ten ground water samples. VOCs noted above trace concentrations 0 1 0  pg/l 

detection limit) in ground water samples included chlorobenzene (11 pg/l), 

ethylbenzene (12 pg/l) and xylene (160 1 .  The chemlcal/physical and 
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environmental fate data lndicate that these hydrocarbons are likely to migrate 

downward in soils to ground water. 

- Ground water beneath the site exits the site primarily to the southwest 

(towards Narragansett Bay) both as shallow and deep ground water. 

Contamination present in downgradient monltorlng wells MW-21 and MW-5 is 

considered to be indicative of potential migration of contaminants in ground 

water off-site. In this case, off-site movement is llkely to consist of 

migration into Narragansett Bay. Examination of patterns of VOC occurrence in 

these wells (both shallow and deep) indicates that some migratlon of VOCs may 

be occurring. For example, detectable concentrations of xylenes were noted in 

monitoring wells MW-5S, MW-5D and MW-21, suggesting VOC migratlon in ground 

water. 

Semi-volatile Organic Compounds 

The semi-volatile organlc compounds were identified in all the media 

sampled on slte. The seml-volatlle organic compounds, particularly the PAHs, 

are persistent in the environment due to thelr complex chemlcal nature. Some 

of the lighter PAHs (fewer aromatic rings) would be subject to biodegradation 

or volatillzatlon, but the chemical persistence generally increases wlth 

increasing number of aromatic rings. Semi-volatile organic compounds are 

generally characterized by high bolllng point, low vapor pressure, and low 

solubility (except phenols) (Appendix G). 

The semi-volatile organlc compounds will be divided into the following 

groups for discussion: polynuclear aromat~c hydrocarbons (PAHs) and 

naphthalene, phenols, and phthalates. 

Polynuclear aromatlc hydrocarbons (PAHs) were frequently detected in 

surface and subsurface soils on site. PAHs generally have a very low 
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solubility ( < 4 . 0  mg/l), whereas the solubility of naphthalene 1s greater (30 

mg/l). The KOc's of PAHs are generally greater than 2,500 ml/g, with many 

- greater than 100,000 ml/g. This indicates that PAHs readily adsorb to organlc 

carbon in solls. This accounts for their infrequent detection in ground water 

samples. The highest concentrations of PAHs and naphthalene were detected in 

monitoring well MW-3S, located in the mounded area central to the site. PAHs 

and naphthalene were not detected in ground water samples from monitoring 

wells MW-1, MW-3D, MW-SD, MW-7, MW-21 or MW-22. Monitoring wells MW-5 and 

MW-21 provide an indication of potential off-site contaminant migration. 

Thus, migration of PAHs and naphthalene from soil to ground water does not 

appear to be a primary route of concern. 

Phenols and phenol compounds are generally more soluble in water than 

other semi-volatile organic compounds and display a relatively low volatility 

(the vapor pressure of phenol is less than the aromatlc hydrocarbons but 

slightly greater than naphthalene; the Henry's Law Constant for phenol is much 

less than that of naphthalene). Based on the relatively low KO, and high 

solubility of phenols, they would not tend to adsorb to soils' organlc matter: 

but would tend to leach from soil into ground water. Phenol and phenol 

compounds were not detected in surface soil, while phenol and phenol compounds 

were detected at a frequency of at least 50% in subsurface soil. The absence 

of phenol compounds from surface soil may be due to thelr solubility (leaching 

potential), which is supported by detection in subsurface soil. 

Phenols detected in ground water include 2,4-dimethylphenol, 4-chloro- 

3-methylphenol and 4-methylphenol. All were detected at trace concentrations, 

with 2,4-dimethylphenol detected at the greatest frequency (3/10). It is 

unclear if phenols are migrating off-site at this time. as none of the 

contaminants detected in ground water on-site were found in monitoring well 

NAVAL EDUCATION AND 
TRAINING CENTER 



MW-21. Both 2,4-dimethylphenol and 4-chloro-3-methylphenol were detected in 

MW-5s but not MW-5D. 

- Phthalate compounds were reported in samples from all environmental media 

collected at the site. It should be noted that phthalates are considered to 

be common laboratory contaminants and are widespread in the environment 

(ATSDR, 1987; ATSDR, 1989). Phthalate esters generally occur in association 

with other semi-volatile organlc compounds. They generally exhlblt low 

solubility and high Koc, and so would not be particularly amenable to water 

transport. This is somewhat consistent with the site data which show the 

phthalates occur at much greater concentrations in sol1 samples as compared to 

ground water. Phthalates detected In ground water lnclude bis(2-ethylhexyll- 

phthalate, butylbenzylphthalate, dimethylphthalate, dl-n-butylphthalate, 

dl-n-octylphthalate and diethylphthalate, all detected at trace 

concentrations. Only diethylphthalate was detected In monltorlng wells used 

to lndlcate migration of contaminants from the site. Specifically, diethyl- 

phthalate was detected at concentratlons below the detection limlt In MW-5s 

and MW-2 1. 

Pesticides and PCBs 

All pesticides and PCBs were detected at least one tune In surface soil, 

while all compounds analyzed for were detected at least slxteen tlmes in 

subsurface soil. In general, pesticides and PCBs have an affrnlty for 

organics in soils (e-g., I?,, of DDT is 243,000 ml/g), which tends to render 

them ~mrnoblle. In addition, many pesticides and PCBs are very persistent. 

Pesticides and PCBs at the site appear confined to solls, as none of these 

compounds were detected in ground water, and thus do not appear to be 

migrating from the site. 
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PCBs are generally regarded to be a significant envrronmental problem 

because of their persistence and adverse health effects. However, because of 

the strong tendency of PCBs to adsorb to organic matter In solls, PCBs do not 

tend to migrate unless solvents or oils are present (Callahan et al. 1979). 

2.3 Exposure Assessment 

2.3.1 Development of Exposure Scenarios 

The most critical aspect of a technically sound exposure assessment 1s 

the identlfication of exposure routes, together with the identlfication of 

human receptors. The McAllister Point Landfill is not currently In use. 

Landfilling activities ceased in the mld-1970's and no further naval 

activities have occurred on Site 01. Access to the McAlllster Polnt Landfill 

is restricted at the road by a gate and a short sectlon of fence. Based on 

discussions wlth field personnel, NETC personnel, EPA Reglon I personnel, and 

a site vislt, the following potential current human exposure scenarros were 

identified: 

Persons having access to the slte (i.e., nearby residents) may be 
potential receptors (especially children playlng on the site). 
Information from field personnel lndlcates that chlldren trespass 
on the site on a frequent basls. 

Ingestion of shellfish from Narragansett Bay. Contaminants may 
migrate in ground water from the site and be transported to 
Narragansett Bay, resulting in potentlal exposures through 
shellfish contamination. 

Several potential future exposure pathways exist at the site, ~ncluding: 

Use of the site for ballflelds. NETC personnel lndlcate that 
tentative plans for future use of the slte Include construction of 
ballfields for public recreational use. 

Construction of bulldings on the slte (i.e., development of the 
site as house lots), presenting a potentlal for exposure of 
construction workers to slte contaminants. 
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Commercial/industrial use of the site, presentlng potential 
exposure of employees to slte contamination. 

Residential use of the site, presentlng a potential for exposure 
of adults and children to site contaminants including use of 
ground water as a potable drinking water source. EPA Reglon I 
requires analysis of future resldentlal use of the McAllister 
Point Landfill site. 

Each scenario includes a particular potential "receptor population", and a 

consideration of the pathways by which those receptors may encounter 

contaminants of concern. The values and assumptions used for each exposure 

scenario were prepared in keeping with generally accepted values in the 

discipline of risk assessment; the values are not based on detalled 

time-activity studies. Speclfic assumptions and detalls for each exposure 

scenario are presented in Appendix A. 

2.3.2 Exposure Scenarios Addressed in the Health Assessment 

Scenario 1 - Trespassing Scenarlo (Current) 
Appendlx A presents the model lnputs for the exposure routes associated 

with children trespassing on-site as it currently exlsts. It 1s asslmed that 

children living within the imrnedlate vicinity of the site may trespass 21 days 

per year, whlch is one day per week during the summer and more infrequently 

during the school year. Additionally, on days in which children trespass/play 

on-site, it is assumed that all sol1 Ingestion (100 mg) for that day occurs 

on-site. Children are not likely to enter the slte on a regular basis and 

without adult supervision before the age of 9 years due to the distance of the 

site from residences. Regular exposures of this nature are not expected 

beyond the age of 18 years because of changes in the use of recreational 

time. Play activities are expected to involve contact with surface soll. For 

dermal exposures, penetration of contaminants in soil was modeled as described 
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in Appendix A (EPA, 1989a). Absorption of soil contaminants after ingestion 

is also provlded in Appendix A (EPA, 1989a). 

Scenario 2 - Recreational Use Scenario (Future) 

Tentative plans for future use of the site include installation of 

ballfields for public recreational use. As a result, children from ages 6-18 

years old are expected to receive dermal and ingestion exposures to 

contaminants in soil. It has been assumed that children will visit the site 

104 days/year: five days per week in the summer (10 weeks) and more 

infrequently during the remainder of the year (3 days per week in the sprlng 

and fall = 18 weeks). Play activlties are expected to involve contact wlth 

surface soil. For dermal exposures, penetration of contaminants in soil was 

modeled as described in Appendix A (EPA, 1989a). Absorption of sol1 

contaminants after ingestion is also provided in Appendix A (EPA, 1989a). 

Scenario 3 - Construction Scenario 

Appendix A presents the model mputs for the exposure routes that 

construction workers involved in site development could potentially 

encounter. Excavation and site preparation activlties could cause workers to 

receive Inhalation exposure to contaminants in dust, as well as dermal and 

ingestion exposures to contaminants in soil. It is assumed that workers are 

engaged in construction, with excavation and slte preparation activities 

lasting for a 12-month period. It is also assumed that remediatlon of 

contaminants would not occur prior to construction or prior to the occupation 

of lndustrial/residential sltes (see discussion for Scenario 4 and 5). The 

inhalation rate is based upon workers undergoing moderate exertion (EPA, 

1991), and dermal penetration of contaminants in soil was modeled as described 
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in Appendix A (EPA, l989a). The soil ingestion rate used is 480 mglday (EPA, 

1991). 

Scenario 4 - Commercial/Industria1 Use Scenarlo 
Future use of the site for commercial/industrial purposes presents a 

potential exposure of employees to site contaminatlon. Such exposures are 

most likely to include incidental ingestion and dermal exposure to 

contaminants in soil, and ingestion of contamlnants In drinking water. 

Workers are assumed to spend 250 days/year on site for 25 years. Appendix A 

presents detailed exposure models and assumptions for the future 

commercial/industrial use scenario. 

Scenario 5 - Residential Scenario: Children and Adults 

A scenarlo relatmg to current residential exposures resulting from 

migration of contaminants In ground water to private wells was not constructed 

because no such wells currently are used. However, based on guidance from EPA 

Region I, a future use resldentlal scenario was constructed to evaluate the 

possible risks associated with residing on the site and uslng the ground water 

under current conditions of contaminatlon. 

Appendix A presents the model inputs for the exposure routes that children 

and adults who live on site might recelve. Children, aged 0-6 years, and 

adults are modeled to receive exposures through soil/house dust mgestion, 

dermal contact with soil based upon exposed arms, hands and legs, dermal 

contact with contamlnants in water durlng showering, inhalation of 

contaminants in dust outdoors from wlnd erosion, inhalation of volatlle 

organic compounds released into bathroom air during showerlng, and ingestion 

of contaminants in drinking water. These exposures are assumed to occur on 
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350 days/year for 6 years for children and 30 years for adults, with the 

exception of ingestion of soil and house dust which 1s assumed to occur for a 

30 year period for adults (EPA, 1989). The time period for outdoor exposure 

to fugitive dusts is 4 hours/day, and for showering, is 12 minutes/day. 

Children are assumed to ingest 750 ml water and 200 mg of soll/house dust per 

day, while for adults, these values are 2 liters of water and 100 mg soil/day. 

2.3.3 Estimating Environmental Concentrations 

All exposure point concentrations used in assessing receptor dose were 

calculated as specified in Supplemental Risk Assessment Guldance for the 

Superfund Program (EPA, 1989a). 

The contaminant concentration used in the evaluatlon of on-site health 

risk was calculated using the geometric mean method as specified by EPA Region 

I (EPA, 1989a). Because the majority of the data collected showed a log 

normal distribution, a geometrlc mean was calculated rather than an arithmetic 

mean for all media in this risk assessment. The geometrlc mean value is 

typically somewhat lower than the arithmetic mean. However, the exposures are 

calculated based upon the maximum concentration of an agent detected on-site. 

as well as for the geometric mean concentration. Therefore, the assessment 

encompasses the mean level of exposure and risk (average case) and also the 

upper bound (worst c a s e ) .  Calculation of a geometric mean 1s less 

conservative than an arithmetic mean, such that the use of a geometric mean 

and maximum provides lower and upper bounds on exposure point concentratlons. 

As indicated in the data evaluatlon section, non-detect values were 

included in the calculation of exposure point concentrations (i.e., soil 

concentrations) elther as one-half the SQL or 'as the SQL itself. These 

non-detected values include detection limits lndlcated by a "U" qualifier. 
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Detection limits indicated by a "UJ" qualifier were generally used as the 

SQL. SQL's were evaluated in light of detection limits and quantifiable 

("hits") concentrations of each contaminant in each media. Each SQL was 

dependently analyzed and they were incorporated into the quantitative analysis 

only in those cases in which the compound was detected in the matrix under 

consideration or in related matrices. 

2.3.4 Evaluating Uncertainty 

Tables 2-1 through 2-3 summarize contaminant concentrations in soil and 

ground water, both as a range of detection across the slte and as the value 

used (the mean and the maxlmum detected concentration) In the risk 

assessment. Table 2-4 provides a summary of ranges of detected contaminants 

across all media. 

Table 2-5 summarizes the assumptions used to estimate exposure (i.e., soil 

ingestion rate, exposure frequency, etc.). The exposure estimates produced 

for each receptor in each scenario are based on numerous variables with 

varying degrees of uncertainty. Thls discussion will focus on these 

parameters, and the associated range of uncertainty. Table 2-5 is separated 

Into those parameters which apply to all scenarios (i.e., global variables), 

and those which apply specifically to an individual scenario. 

Global Variables (All Scenarios) 

Table 2-5 lists the ~arameters and associated values which are used in 

each of the scenarios. Body weight ranges for children (age 9-18 years, 6-18 

years and 0-6 years) were derived from EPA (1990). The actual values used 

represent an average body weight for each of the groups. Similarly, for 

adults (18-65 years), a range of body we~ghts 1s presented, along wlth the 
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average body weight (70 kg) for the group. While there is a range of body 

weights for each age group, these ranges are not large, and are not expected 

to contribute a signlflcant degree of uncertainty to this assessment. 

For Scenario 1, the exposure duration (ED) for children was assumed to be 

nine years, based upon the age range of children (9 to 18) likely to trespass 

onto the site. In theory, this duration mlght range from 1 to 18 years. 

however, it is unllkely that children younger than 9 years of age would vlsit 

the site in its current state. For Scenario 2, children ages 6-18 were 

expected to spend a span of twelve years (childhood) utilizing the public 

ballfields. The exposure duration value used is the high end of the proposed 

range (6-18 years). For Scenario 3 (construction), adults were assumed to 

have an ED of 1 year, which is the tlme period expected for construction on 

the site. For Scenario 4, commercial/industr~a1 employees were expected to 

spend 25 years on site, whlch 1s representative of the amount of tlme expected 

for employment at one location. Flnally, the exposure durations used for 

Scenario 5 were separated into categories for children and adults. Chlldren 

were analyzed separately for the first six years of life at the slte, whlle 

adults were assumed to have an ED equal to 30 years, whlch is the natlonal 

upper-bound (90th percentile) tlme at one residence. 

The ranges associated with ED are only large when considering adults. 

However, the values used are expected to provlde conservative estimates and 

overstate the potential risk. 

Averaging time (AT) whlch is a pathway specific period of exposure for 

non-carcinogenic effects, calculated as a product of exposure duration and the 

number of days/year, is dependent on exposure duration, whlch was discussed 

above. AT is not expected to lend a large degree of uncertainty to the 

exposure estimates. 
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The ranges of relative absorption factors (RAF) for organic and inorganic 

compounds may vary from no absorption (0) to complete absorption (1). This 

range is likely to contribute a large degree of uncertainty to the exposure 

estimates. The values chosen for RAF are representative for classes of 

compounds, and are provided by EPA Region I (EPA, 1989a). 

The permeability constant (PC) for each chemical was assumed to be equal 

to the penetration rate of water, rather than estimated on a compound-speclfic 

basls. Thus, PC may lend a degree of uncertainty in that some compounds wlll 

not readily penetrate skin, whlle others will penetrate at a rapid rate. 

The soil contact rate (SCR) established by EPA Reglon I (EPA, 1989a) is 

based upon three parameters: sol1 deposltion rate, skln surface area and 

percent (fraction) exposed. Each of these parameters contains some degree of 

uncertainty. Soil deposltion rate (also known as soil adherence factor) may 

range up to 2.77 mg/cm2 for Kaolin clay (EPA, 1989). The value used by EPA 

Region I of 0.5 mg/cm2 was chosen as a reasonable estimate followmg a 

literature review (EPA, 1989a). Thus, a five fold difference exists between 

the actual value used and an upper bound estimate of adherence. Reglon I 

guidance suggests the use of a skin surface area (SA) of 2,000 cm2, and 1s 

based on the SA of the hands, forearms, feet and lower legs of a young chlld 

or the hands and feet of an adult (EPA, 1989a). A large degree of uncertainty 

is associated with this value, and is dependent on age and area exposed. For 

example, the 50th percentile total body SA for adult males is 19,400 cm2, 

while the 50th percentile SA for adult male hands is 820 cm2 (EPA, 1989). 

Finally, a factor of 50% 1s applied to account for the percentage of SA 

actually covered with soil- (EPA, 1989a). This factor is not likely to 

contribute much uncertainty to the assessment. 
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The fraction of soil ingested (FI) from the site ranges from 0-1. As a 

highly conservative estimate, and based on an event-based approach, it was 

assumed that all soil ingested came from the site. 

Concentrations of contaminants in all media were presented as a mean and 

as a maximum detected concentration. For some chemicals the range of 

potential concentrations across the site is very large, introducing a high 

degree of uncertainty to the exposure estimates. However, the exposure 

estimates are expected to over-predict rather than under-predict, and 

therefore are likely to be protective of human health. 

Scenario 1 - Trespassmg Exposure: Current Use 

The exposure frequency (EF; days/year) may range from 1 to 365, which may 

introduce the greatest degree of uncertainty. The value used (21 days for 

children) was based on available free time (away from home, school, etc.). 

The soil ingestion rate may also vary over a large range of values, but the 

values used are not expected to introduce a large degree of uncertainty into 

the exposure estimates. 

Scenario 2 - Recreational Exposure: Future Use 

As for Scenario 1, the EF provides a relatively large degree of 

uncertainty. The range of EF values is 1-365 days/year. The value chosen is 

104 days/year based on available recreational time. 

4 Scenario 3 - Construction Exposure: Future Use 

Of the parameters presented in Table 2-5, the modeled ambient dust 

concentration is expected to present the largest degree of uncertainty to the 

exposure estimates. Exposure pomt concentrations available at the slte 
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include concentrations in soils and ground water. However. airborne 

concentratlons of contaminants (i.e., volatilization, fugitive dusts) were not 

- sampled during the field program and thus exposure point concentrations must 

be modeled. Names and citations for the transport models used to estimate 

exposure point concentrations from laboratory measurements of field samples 

are given in Appendix A. As a caveat, it is always more accurate to have data 

for exposure point concentrations in the medium of concern at the exposure 

point of concern, and the use of transport models represents a good falth 

attempt to estimate unknown values from known values. However, the use of the 

models does introduce uncertainty into the results. 

Scenario 4 - Commercial/Industr~a1 Exposure: Future Use 
The EF for Scenario 4 is not expected to contribute a large degree of 

uncertainty to the exposure assessment. Of the possrble range of values 

(1-365 dayslyear), the value chosen (250 days/year) is most llkely to be 

representative of exposure. 

8 Scenario 5 - Residentlal Scenario: Future Use 

Of the parameters presented in Table 2-5, the modellng of arnblent dust 

concentrations and indoor airborne vapor phase chemlcal concentratlons are 

expected to present the largest degree of uncertainty. Exposure point 

concentrations available at the slte include concentratlons In solls and 

ground water. However, airborne concentrations of contaminants (l.e., 

volatilization, fugitive dusts) were not sampled durlng the field program and 

thus exposure polnt concentrations must be modeled. Names and citations for 

the transport models used to estimate exposure point concentratlons from 

laboratory measurements of fleld samples are glven In Appendix A .  As a 
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caveat, it is always more accurate to have data for exposure point 

concentrations in the medlum of concern at the exposure polnt of concern, and 

- the use of transport models represents a good faith attempt to estimate 

unknown values from known values. However, the use of the models does 

introduce uncertainty into the results. 

2.4 Toxicity Assessment 

Appendlx F of this report presents a short description of the toxic 

effects of each chemical of concern, including a summary of the dose-response 

information pertinent to quantitative risk assessment, as available. 

Furthermore, Tables F-1 through F-4 present a summary of toxicity values 

associated with chronic and subchronlc noncarcinogenic effects, for the oral 

and inhalation routes, respectively. Tables F-5 and F-6 summarize the slope 

factors associated with potential carcinogenic effects of chemicals of concern 

by the oral and Inhalation routes, respectively. 

2.5 Rlsk Characterization 

2.5.1 Dantltative Risk Assessment 

For potential carcinogens, risks are estimated as probabilities. The 

compound-speciflc potency factors for carcinogens are generally estimated 

through the use of mathematical extrapolation models (e.g., the linearized 

multistage model). These models estimate the largest possible llnear slope, 

within a 95% confidence interval, at low extrapolated doses. Thus, the 

potency factor is characterized as a 95% upperbound estlmate, such that the 

true risk 1s not likely to exceed the upperbound estlmate and may be lower. 

The evaluation of risk from noncarcinogenic health hazards is based on the 

use of RfDs (EPA, 1990; EPA, l989a). RfDs are estimates of daily exposure to 
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the population (including sensitive subpopulations) that are likely to be 

without appreciable risk of deleterious effects for the defined exposure 

period. The E D  is calculated by divlding the no adverse effect level (NOAEL) 

or lowest observed adverse effect level (LOAEL) derived from animal or human 

studies by an uncertainty factor, which is multiplied by a modifylng factor. 

RfDs incorporate uncertainty factors which serve as a conservative downward 

adjustment of the numerical value and reflect scientific ludgement regarding 

the data used to estimate the RfD. For example, a factor of 10 is used to 

account for variations in human sensitivity ( 1 .  to protect sensitive 

subpopulations) when the data stems from human studres involving average, 

healthy subjects. An additional factor of 10 may also be used for each of the 

following: 

extrapolation from chronic animal studles to humans, 

extrapolation from a LOAEL to a NOAEL, and 

extrapolation from subchronic to chronic studies. 

Finally, based on the level of certainty of the study and database. an 

additional modifylng factor (between zero and ten) may be used. 

The results of the quantltatlve rlsk analysis are presented In two baslc 

forms. In the case of human health effects assoclated with exposure to 

potential carcinogens, risk estimates are expressed as the lifetlme 

probability of additional cancer risk assoclated wlth the glven exposure. In 

numerical terms, these risk estimates are presented in scientific notation In 

this report. Thus, a lifetlme risk of 1E-04 means a lifetime incremental rlsk 

of one in ten thousand; a lifetime risk of 1E-06 means an incremental lifetlme 

risk of one in one million and so on. 
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In the cases of exposure to non-carcinogens, the Hazard Index Ratio 1s 

used. As noted in previous sections, the fundamental principles used to 

construct the RfD utilized in calculating the Hazard Index Ratio are 

predicated on long term or chronlc (usually measured in years) exposures and 

health effects. However, the RfD used was either the RfD derived from chronic 

studies (RfDc) or the RfD which was derived from subchronic studies (RfDs). 

Wherever possible, the RfD was matched to the type of exposure (chronic vs 

subchronic) such that in scenarios involving subchronic exposures (e.g., 

construction), the RfDs values were used, and those scenarlos involving 

chronic exposure (trespasser, cornmercial/industria1 use, residentlal use). the 

RfD, values were used. 

Cancer and non-cancer health rlsks are discussed below for trespasser 

(Scenario 1 - current use), recreational (Scenario 2 - future use), 

construction (Scenario 3 - future use), commercial/industr~a1 (Scenario 4 - 

future use) and residentlal (Scenario 5 - future use) scenarios. Wlthin the 

trespasser, recreational and residential scenarlos, the risks to chlldren 

(9-18 years old, trespasser scenario; 6-18 years old, recreational scenario; 

0-6 years old, residential scenario) and adults are presented separately. In 

each case, daily doses of the compounds of concern have been calculated for 

each exposure pathway modeled, and these doses were then used to calculate 

cancer risk levels and hazard index ratios. Cancer risk levels are the 

lifetime probability of excess cancer due to the exposure pathways resulting 

from use of the site. Cancer risk levels are derived by multiplying exposure 

dose by the appropriate cancer slope factor for each compound and exposure 

route. Non-cancer health risk is quantitated by the hazard index ratio whlch 

is the ratio of the exposure dose to the RfD (both in mg/kg/day). The 

calculated level of cancer risk can be compared to the acceptable total site 
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risk range (1E-04 to 1E-06) for evaluating the need for remediation, as stated 

in the "National Oil and Hazardous Substances Pollution Contingency Plan, 

- Final Rule" (EPA, 40 CFR Part 300, March 8, 1990), and in the Superfund Human 

Health Evaluation Manual (1E-04 to 1E-07) (EPA, 1989). Regarding 

non-carcinogenic health hazards the Superfund Human Health Evaluation Manual 

(EPA, 1989) states that: 

"When the total hazard index for an exposed individual or group of 
individuals exceeds unity, there may be concern for potential 
non-cancer health effects." 

Thus, the cancer risk and hazard index ratios that constitute a concern 

>1E-04 and >1E+00, respectively. Tables 2-6 through 2-15 summarize cancer 

risk levels and hazard index ratios for all scenarios. Appendix A (Tables 

A.l.l through A.5.16) contains cancer risk levels and hazard index ratlos for 

all contaminants, pathways and scenarios. 

Cancer risks and hazard index ratlos are presented in subsequent sections 

for each scenario and pathway analyzed. These risk levels are presented as a 

range in which both the average case value (geometric mean chemical 

concentrations) and the worst case value (maximum concentration found on-site) 

are provided. In certain cases, the geometric mean value may actually be 

greater than the maximum risk value because "U" data were included in the 

geometric mean at one-half the SQL, but "U" data were not included in the 

formulation of maximum values. This is because it is inappropriate for the 

maximum risk found on-site to be driven by non-detected values. The maximum 

values do include "UJ" qualified data at the full SQL. Thus, in those cases 

where a high SQL for a non-detect is greater than any of the detected levels, 

it is possible for the geometric mean risk to exceed the maximum risk. 
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Scenario 1: Trespassing Scenario (Current): Cancer Risks and Hazard Index 
Ratios 

Tables 2-6 and 2-7 summarize the cancer risks and hazard index ratlos for 

all exposure pathways considered. Tables A.l-1 through A.l-6 contain the 

spreadsheets used to calculate dose, cancer risk and hazard index ratios for 

Scenario I. 

Exposure of children to contaminants while trespassing on-site is 

associated with a total cancer risk range of 1.2E-06 (average) to 1.8E-05 

(maximum), both of which are within the acceptable risk range of 1E-04 to 

1E-06. The predominant factor contributing to this risk range is Ingestion of 

carcinogenic PAH compounds in soil. 

Trespassing on site 1s associated wlth a total hazard index ratio range of 

4E-03 (average) to 6E-02 (maximum) which is below the target HI value of 

l.OE+OO. Incidental ingestion of inorganlcs in sol1 is the primary 

contributor to this risk. 

Scenario 2: Recreational Use Scenario (future): Cancer Rlsks and Hazard Index 
Ratlos 

Tables 2-8 and 2-9 summarize the cancer risks and hazard index ratios, 

respectively, for all exposure pathways. Tables A.2-1 through A.2-6 contaln 

the spreadsheets used to calculate dose, cancer risk and hazard index ratios 

for Scenario 2. 

Exposure of children to contaminants on site during a future recreational 

use of the site (as ballfields) is associated wlth a total cancer risk range 

of 8.73-06 (average) to 1.3E-04 (maximum). The maximum risk value sllghtly 

exceeds the acceptable risk range of 1E-06 to 1E-04. This rlsk is attributed 

to the incidental ingestion of carcinogenic PAHs ln surface soil. 
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index ratio range of 2.5E-02 (average 

- target value of l.OE+OO. Ingestion 

contributor to this risk. 

Future recreational use of the site is associated with a total hazard 

) to 3.6E-01 (maxlmum) which is below the 

of inorganics in soil is the primary 

Scenario 3: Construction Use Scenario (future) : Cancer Risks and Hazard Index 
Ratios 

Tables 2-10 and 2-11 summarize the cancer risks and hazard index ratios, 

respectively, associated with chemicals and exposure pathways included in this 

scenario. Tables A.3-1 through A.3-9 contain the spreadsheets used to 

calculate dose, cancer risk and hazard index ratlos for Scenario 3. 

The total cancer risk range is 3.7E-06 (average) to 2.3E-05 (maximum), 

which is within the acceptable rlsk range (1E-06 to 1E-04). Incidental 

ingestion of PAH compounds in soil 1s the primary component of this rlsk. 

Inhalation of dust-borne contaminants and dermal exposure to contaminants in 

soil does not appreciably contribute to the cancer 'risk. 

The total hazard index ratio range associated wlth construction activities 

is 1.3E-01 (average) to 2.5Et00 (maxlmum). The total HI associated wlth 

maximum exposure point concentrations is 2.5E+00, which exceeds the level of 

concern for non-carcinogenic effects. Incidental ingestion of sol1 contalnlng 

elevated levels of antimony makes the primary contribution to the exceedance 

of the target HI. 

Scenario 4: Commercial/Iridustrial (future): Cancer Risks and Hazard Index 
Ratios 

Tables 2-12 and 2-13 summarize the cancer risks and hazard lndex ratios, 

respectively, for all exposure pathways. Tables A.4-1 through A.4-9 contain 
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the spreadsheets used to calculate dose, cancer risk and hazard index ratlos 

for Scenario 4. 

Future use of the site as an cornmercial/industria1 facility may be 

associated with a potential risk. Total cancer risk estimates for thls 

scenario range from 1.8E-03 (average) to 3.9E-03 (maximum). This risk range 

exceeds the target range of 1E-06 to 1E-04. The pathway of primary concern 

associated with this excess rlsk is ingestion of ground water used as a future 

potable drinking water supply. Specifically, ingestion of water containing 

arsenic, beryllium and carcinogenic PAHs is the major contributor of risk. 

However, it must be noted that the carcinogenic PAHs were not clearly detected 

on-slte because they were assoclated only wlth qualified data ("UJ" 

qualifiers). Ingestion of carcinogenic PAHs in soil provlded a minor 

component of excess cancer risk (1.3E-05 to 2.1E-04). 

Future commercial/industr~al use of the site is associated wlth a total 

hazard index ratio range of 1.8E+00 (average value) to 1.3E+01 (maximum 

value), both of which exceed the target HI of l.OE+OO. As for cancer risk, 

exceedance of the non-cancer target is assoclated wlth the ingestlon of 

contaminants in ground water. Specifically, ingestlon of antimony, arsenic 

and manganese in ground water are the prlmary contributors to this excess risk. 

Scenario 5: Residential Use Scenario (future): Cancer R l s k s  and Hazard Index 
Ratios 

Children 

Tables 2-14 and 2-15 summarize the cancer risks and hazard index ratlos, 

respectively, for all exposure pathways associated with future residentlal use 

of the site. Tables A.5-1 through A.5-16 contain the spreadsheets used to 

calculate dose, cancer rlsk and hazard index ratios for Scenario 5. The total 

cancer risk for children age 0-6 years residing on site ranges from 2.3E-03 
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(average value) to 5.83-03, which is above the acceptable rlsk range (1E-06 to 

1E-04). The pathway of most importance is ingestion of contamlnants in 

- 
drinking water. Specifically, this rlsk is associated with arsenic (risk 

range of 2.1E-04 to 6.7E-04), beryllium (risk range of 4.1E-05 to 2.3E-04), 

vinyl chloride (4.3E-05 to 8.1E-05), and total carclnogenic PAHs (rlsk range 

of 1.8E-03 to 3.4E-03). As discussed for Scenario 4 (future commercial/ 

industrial use), average concentrations of the carclnogenic PAHs and vlnyl 

chloride were estimated using qualified data. That IS, the data for PAHs is 

associated with uncertainties which are indicated by "U" (non-detect) or "UJ" 

(non-detect, but estimated SQL) designation. However, lt should be noted that 

each carclnogenic PAH was detected once in the absence of any data qualifiers 

(Table 2-4). Furthermore, based on the proxlmlty of Narragansett Bay, the 

ground water could be bracklsh and unsuitable for use as a potable water 

supply. Ingestion of soil also made a substantla1 contribution to cancer rlsk 

(8.5E-05 to 1.3E-03) wlth PAHs in sol1 contributing 80-90% of this rlsk. The 

highest level of cancer risk amongst the remaining pathways was 1.6E-05 (worst 

case) due to VOC inhalation durlng bathlng. 

Table 2-15 presents the range of hazard index ratios by exposure pathway. 

The total HI for children ranges from 9.1Et00 to 6.5Et01, whlch is 

considerably above that which may constitute a concern (>1Et00). The most 

important component of the HI is ingestion of metals in drlnklng water 

including antimony (HI range of 4.6E+00 to 3.2E+01), arsenic (HI range of 

1.4Ec00 to 4.4Et00), cadmum (HI range of 2.5E-01 to 2.8Et00). chromium (HI 

range of 3.OE-01 to 2.5Et00). copper (HI range of 1.8E-01 to 3.9E+00), 

manganese (HI range of 1.6Et00 to l.OE+Ol) and zinc (HI range of 1.4E-01 to 

3.00Et00). This pathway accounts for nearly 100% of the total HI in the 

average case with these inorganlcs accounting for more than 85% of the total 
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HI. In the worst case, ingestion of metals in soil (primarily zinc, copper, 

and antimony) caused an elevated HI (7.3E+00). 

Risk Assessment for Childhood Lead Exposure 

The potential risks from lead is dealt with separately because no RfD or 

CPF values have been derived for lead, but an alternative approach for 

evaluating lead-related risks has recently been developed by the U.S. EPA 

(Marcus, 1988). 

This approach, called the Integrated Lead Uptake/Biokinetic Model (U/B 

Model) incorporates a variety of lead exposure pathways into a series of 

biologically-based equations that transform exposure dosages into blood lead 

levels for young children. The key risk parameters are the population 

geometric mean blood lead level and the upper 95% bound on this mean, with the 

criteria for adverse effects focused upon exceedances of children's blood lead 

above 10 pg/dl. 

Lead in surface soil is of potential concern at the McAllister Point 

Landfill site because one sample location had a lead level greater than the 

threshold for concern, which is 500 pprn (EPA, Region I, personal 

communication). In addition to the one elevated locatlon (1,980 pprn), several 

other locations in its immediate vicinity have surface soil lead levels that 

are elevated with respect to the rest of the site and near the 500 ppm 

threshold for concern (384-474 pprn). This zone occurs along the Narragansett 

Bay shoreline (SS-12 to SS-15) and is considered to be a potentially 

lead-impacted zone. Soil lead results above 500 pprn are of concern due to the 

potential for children to ingest substantial quantities of soil (200 mglday 

for 1-6 year old children) (EPA, 1991). Children are the receptor of primary 
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concern because of thelr high exposure relatlve to body weight, and because 

low-dose neurotoxic effects are most possible in the very young. 

Model Design and Key Parameters 

The U/B model was used to assess lead exposure through soil ingestion. 

The model incorporates the major lead exposure pathways in derlving children's 

blood lead levels in Scenario 5 (Residential) in which exposures to children 

0-6 years old are modeled. The trespasser scenarlo (Scenario 1) involves 

children 9-18 years old. The model is not applicable to this age group, and 

further, this age group is considered to be at lower risk. Therefore, thls 

scenario 1s not modeled. 

For this assessment, default values were used to represent background lead 

concentrations in air, drinking water and the dlet. Additionally, the model's 

default values were used to represent respiratory rate, water mgestion rate, 

and the percent of lead absorption by the various exposure routes. The 

default values used are presented in Tables 2-16 through 2-18 for the three 

scenarios modeled. 

The default value for lead in drinklng water was used rather than the 

actual ground water geometric mean or maximum concentrations found on-slte. 

Although residential receptors are assumed to use ground water as a source of 

potable water, the actual ground water data were not used because these levels 

(mean = 80 ug/l; maximum concentration = 4,800 ug/l) are well above the MCL 

value for lead (50 ug/l). 

Levels of lead in drinking water of thls magnitude make large 

contributions to blood lead (-6 pg/dl increase in blood lead at the geometric 

mean value for the site), and could thus obscure the importance of the soil 

lead contribution to blood lead. This 1s especially true in terms of the 
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percentage of children above the blood lead cut-off (10 pg/dl), since the 

individual contribution of the lead in ground water pathway at this site would 

cause a high percentage of children to already be above 10 pg/dl before 

factoring in the contribution from soil lead. Since the risk from soil lead 

is an important focus, this pathway was analyzed without the contribution due 

to on-site ground water. 

This analysis then is most relevant to the residentlal scenario in which 

lead-impacted surface soils are accessible to young children, but the 

household drinking water supply is similar in lead content to that found 

nationally. 

The site-specific factors put lnto thls assessment are the soil lead 

concentration, the house dust lead concentration and the amount of soil/dust 

ingested per day. These values are also indicated as model inputs in Tables 

2-16 through 2-18. 

Three different soil lead levels were chosen for modeling: the maxlmwn 

level found on-site, correspondlng to the worst case exposure scenario; the 

geometric average level for the site, correspondlng to the average case 

exposure scenario; the geometric average of a sub-portion of the site having 

somewhat elevated soil lead levels. 

This last scenario corresponds to the case in which a home is bullt on or 

adjacent to the shore area that appears to be ~mpacted. In this case, the 

geometric average of the four clustered surface soil samples which show 

elevated soil lead (relative to the remainder of the site), may represent the 

most likely average level for soil lead exposure. 

The house dust lead level is modeled to be influenced by sol1 lead in the 

residential scenario because of the possibility that a house could be bullt on 

or adjacent to the impacted area. This close proximity to lead-impacted soils 
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can lead to substantial soil lead contributions to house dust lead through 

transport indoors via pets, shoes, clothing, etc. The model multiplies the 

soil lead level by 0.28 to express the increase in house dust lead due to soil 

lead. 

The soil/house dust ingestion rate 1s modeled to be 200 mg/day for 1-6 

year old children; this ingestion is modeled to comprise of 55% from house 

dust lead and 45% from soil lead. 

Model Results 

The model output for each soil lead concentration modeled is shown in 

Tables 2-16 to 2-18 and In Flgures 2-1 to 2-3. The results are summarized in 

Table 2-19. 

Table 2-19 summarizes the results in terms of the geometric average blood 

lead level for 0-6 year old children and the percentage of this population 

predlcted to exceed a blood lead level of 10 pg/dl (the model default for 

blood lead cut-off). This blood lead criterla 1s based upon the suggestion 

that neurological and perhaps hematologlcal effects can occur In the viclnlty 

of 10-15 pg/dl (ATSDR, 1988). Therefore, an important parameter of population 

risk is the percentage of 0-6 year old chlldren predlcted to have blood lead 

levels in excess of 10 pg/dl. 

The data (Table 2-19) show that children residlng on the site and equally 

exposed to all on-site soils (geometric average soil lead for the entlre slte) 

have a low blood lead level (2.74 pg/dl) whose population distribution 

indicates that very few (0.01%) children would be above 10 pg/dl. However, 

when the geometric average for the lead-impacted zone is used, the predlcted 

average blood lead is 8.22 pg/dl, wlth 27.4% greater than 10 pg/dl. The 

population average and percentage over 10 pg/dl are substantially higher than 
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this when using the highest sol1 lead value found on-slte in the model (worst 

case analysis). 

These results indicate that soil lead levels at the lmpacted zone may be 

sufficient to elevate children's blood lead levels lnto an area of concern in 

the Residential Scenario. This applies both to the worst case and to the case 

in which homes are built on or adjacent to the impacted zone. However, the 

risk for elevated blood lead levels is low if homes are not built near the 

impacted zone such that children livlng in these homes are not preferentially 

exposed to these soils, and the soil from this zone has little opportunity to 

contribute to house dust lead. 

Adults 

Table 2-14 presents a summary of the cancer rlsks by compound and exposure 

pathway for Scenarlo 5. The total cancer risk for adults residlng on slte 

ranges from 6.OE-03 (average value) to 1.3E-02 (maximum value), whlch is well 

above the acceptable level (1E-06 to 1E-04). The major contributor to this 

risk is lngestlon of inorganlcs ln drinklng water, including: arsenlc (rlsk 

range of 5.9E-04 to 1.8E-03), beryllium (risk range of l.lE-04 to 6.5E-041, 

vinyl chloride (risk range of 1.2E-04 to 2.2E-04), and total carcinogenic PAHs 

(risk range 4.3E-03 to 1E-02). As discussed for Scenarlo 4 (future 

comrnercial/industrial use), average concentratlons of the carcinogenic PAHs 

were estimated using qualified data. That is, the data associated with PAHs 

is associated with uncertainties which are indicated by "U" (non-detect) or 

"UJ" (non-detect, but estimated SQL) designation. The other pathway that 

makes a substantiative contrlbutlon to cancer rlsk is the ingestion of PAHs 

present in soil (4.4E-05 to 7.OE-04). 
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Table 2-15 presents the range of hazard index ratlos by compound and 

exposure pathway. The total HI range for all pathways is 5.OE+00 to 3.6E+01t 

which is considerably greater than the target value of 1E+00 for HI. 

Ingestion of chemicals in tap water, most importantly antimony, arsenic, 

cadmium, chromium, copper and zinc, accounted for the vast majority of the 

HI. Ingestion of metals in surface soil made a contribution of 8E-01 to the 

HI while all other pathways were considerably below this level. 

Summary of Cancer and Non-Cancer Health Rlsks 

This site currently contains elevated levels of certaln key toxicants, 

whlch are responsible for driving the rlsk assessment. The residential 

scenario was associated with the greatest cancer risk and HI values, due 

largely to the ingestion of ground water (as tap water) which was absent from 

Scenarios 1, 2 and 3. Scenario 4 lncluded the use of ground water as a 

potable drinking water source, however a shortened exposure duration and 

exposure frequency reduced the risks associated with this pathway for 

comrnercial/industrial use. In general, inhalation and dermal contact wlth 

contaminants were not major exposure pathways; soil ingestlon was of 

importance in Scenario 5 (worst case), primarily due to PAHs, and In Scenario 

3 due to antlmony in subsurface soll, which elevated the HI. 

The chemicals in ground water causing the greatest cancer risk are the 

carcinogenic PAHs (maximum risk of 1E-02 in adults), arsenlc and beryllium. 

Exposure to PAHs in soil is also of importance in each scenario, and PAH 

contamination of surface soils was substantial at 7 of 15 locations (e.9.. 

benzo(a)pyrene range at these locations was 1,000 to 16,000 ug/kg). 

Seven carcinogenic PAH compounds. including benzo(a)pyrene, were lncluded 

in the quantitative risk assessment. All were assigned the cancer slope 
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factor derlved for benzo(a)pyrene, which is among the most potent members of 

this chemical class. Most carcinogenic members of this class have been shown 

- 
to lnduce skin cancer upon topical administration, while the more heavily 

studied agent, benzo(a)pyrene, has also been shown to cause lung and stomach 

tumors (ATSDR, 1990). The seven carcinogenic PAH compounds were not detected 

in ground water but were included in the quantitative assessment because of 

one set of UJ qualified data (MW-6). The SQL in this case was low (10 ug/l) 

and this is below the CRQL. Thus, although the PAHs are a primary contributor 

to elevated cancer risk, there is significant uncertainty associated with the 

actual presence of these compounds In ground water. PAHs were not detected in 

the background (upgradient) monitoring well (MW-22) at an SQL of 10 ugll. 

Similar to the case for PAHs in ground water, vinyl chloride was 

associated with elevated cancer rlsk (1E-04 to 2E-04, adults, Scenario 51, but 

was not actually detected in ground water. The UJ data qualifier was placed 

on all VCC data for one monitoring well (MW-3D) causing vlnyl chloride to be 

included in the quantitative assessment. 

Dermal cancer risk for PAHs was not calculated because of uncertainty 

regarding the carcinogenic potency of the agents by the dermal route. 

However, given the preponderance of evidence in rodents that these agents are 

carcinogenic by dermal exposure, it 1s likely that this analysis 

underestimates the cancer risk due to PAH compounds present in water and 

soil. The increase in cancer rlsk that could be associated with dermal 

exposure to PAHs in soil is not likely to be substantial since the dermal 

dosage to these agents was generally less than that received via oral exposure 

to PAHs in soil. Further, the dermal dose represents the absorbed dose, whlch 

is only 5% of the exposure dose for PAHs. 
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Exposure to arsenic in ground water is also of primary importance. 

Arsenic is a group "A" carcinogen, whose carcinogenic efforts are most notable 

in the skin after oral absorption. While the arsenic oral slope factor for 

carcinogenic effects is based upon the evidence of human skin cancer, arsenlc 

exposure by the oral route has also been associated with elevated cancer 

incidences in bladder, lung, liver, kidney and colon (EPA, 1991 - IRIS File). 

The carcinogenic potency of arsenic upon dermal exposure has not been 

quantitatively evaluated.. 

Arsenic was detected at all sampling locations, at a range of 2.1 to 89.4 

ug/l, and a mean of 30 ug/l. Background (upgradlent) arsenic in ground water 

at this site is 54 ug/l, and the range for the five NETC sites addressed in 

this risk assessment is 2-54 ug/l. Elevated arsenic concentrations were 

detected in numerous wells including MW-3S, MW-5, MW-7, MW-21 and MW-22. 

Thus, lt appears that arsenlc concentrations are elevated in ground water and 

that excess cancer risk due to arsenlc ingestion may be site related. 

Beryllium In ground water 1s the thlrd primary component of excess cancer 

rlsk associated with future use of the McAlllster Point Landfill. Beryllium 

is a Class B2 carcinogen (probable human carcinogen) whose most notable 

carcinogenic effects occur in the lung. Berylllwn was detected in six out of 

ten well sampllng locations at a range of 2-12.8 ug/l. The background 

beryllium concentration at thls slte is 1 ug/l, and for all NETC sites 

addressed in this report is 1-5.5 ug/l. Thus, lt appears that elevated 

concentrations of beryllium in ground water and associated excess cancer risk 

may be site related. 

The contaminants in ground water causing the greatest hazard lndex ratlos 

are antimony, arsenic, cadmium, chromlum, copper, manganese and zinc. Arsen-ic 

was discussed in light of cancer risks and wlll not be repeated here. 
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Antimony ingestion is assoclated with decreased longevity, fasting blood 

glucose levels and alteration of cholesterol levels. Antimony was detected in 

eight of ten well sampling locations at a range of 22-259 ug/l. Background 

levels for the five NETC sites addressed in this report range from 22-48 ugll, 

with a site specific background of 22 ug/l. Thus, it appears that antimony 

levels are elevated at the site and that ingestion of ground water may pose a 

health risk. Antimony was detected eleven times out of twenty-eight 

subsurface sampling locations, wlth a range of 3.5-167 mg/kg. While this 

range exceeds U.S. background levels (<I-8.8 mg/kg), the exceedance can be 

attributed to only two samples (B-2 and B-9) detected at 56 and 167 mg/kg, 

respectively. 

The critical effects assoclated with cadmium ingestion are proteinurla and 

renal damage in humans. Cadrnlum was detected in all monitoring wells and 

concentratlons ranged from 3 to 57.1 ug/l. Background for all sites was 

reported as 3 ug/l. Thus, it appears that cadmium concentrations are elevated 

in the ground water, and ingestion of thls water may result in a health risk. 

Chromium is thought to be an essential nutrient In humans. Short term, 

high levels of chromium VI are irritating to the G.I. tract, and adverse 

effects in the kidney and liver may occur. Chromlum was detected In four of 

ten monitoring wells, at a range of 16.9 to 248 ug/l. The background chromium 

concentration at the McAllister Point Landflll is 10 ug/l, while background 

for the five NETC sites is 8-121 ug/l. Thus, it appears that chromium 1s 

elevated in ground water and that excess noncancer health effects may be 

associated with the ingestion of ground water containing chromium. 

The current drinking water standard for copper is 1.3 mg/l. Copper was 

detected in one half of the wells sampled at this site, with a range of 

concentration from 57.3 to 3160 ug/l. Background concentrations for the five 
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NETC sites range from not detected to 297 ug/l. The background at this site 

is 31 ug/l. Only one well contamed copper concentrators whlch exceeded the 

- 
current drinking water standard (MW-35; 3160 ug/l), suggesting that ingestion 

of copper at the site may not be of primary importance. 

Chronic manganese ingestion has been shown to produce central nervous 

system effects. Manganese was detected in all monitoring wells at this site, 

primarily at concentrations exceeding slte related background (1140 ugll). 

When compared to background levels for all five NETC sltes (1140-7650 ug/l) 

manganese appears to be elevated In ground water. Thus, ingestion of ground 

water containing elevated manganese is likely to contribute to adverse health 

effects. 

Zinc ingestion has been shown to produce anemia in humans. Zlnc was 

detected in nine of ten wells sampled, at a range of 168-12,100 ug/l. 

Background for the site and the range for the five NETC sites is 105 ug/l and 

66.4-708 ug/l, respectively. Again, ~t appears that zinc concentrations are 

elevated in ground water and the estimates of risk are not likely to 

understate potential health hazards. 

2.5.2 Qualitative Analysls of Rlsks 

Selected compounds (see Table 2-4) were addressed qualitatively rather 

than quantitatively because compounds were lacking cancer slope factors or RfD 

values. It is not posslble to include these cases in the quantitative 

analysis, and instead, the posslble effect they could have on the assessment 

is discussed qualitatively. Few of the compounds missing reference toxlclty 

values (either CPFs or RfDs) were not associated solely with data quallflers 

(V" or "UJ" designat ions ) (Table 2-4). These compounds include : 
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Inorganics 
Coba 1 t 
Coppe r 
Lead 
Nlckel 
Selenium 

Volatile Organics 
Tetrachloroethene 

Semi-Volatiles 
1,4-Dichlorobenzene 
Phenol 
2,4-Dichlorophenol 
2,4,5-Trlchlorophenol 

Tentatively Identified Compounds 

The potential impact associated wlth the omission of these compounds from 

the quantitative rlsk assessment 1s discussed below. 

Inorganlcs 

Currently, no RfD for cobalt has been published by the EPA. Cobalt is an 

essential component of vitamin B12, whlch is requlred for the production of 

red blood cells (see Appendix F). The range of detection for soil sample 

results is 1.5 mg/kg - 28 mg/kg, as compared to a U.S. range in sol1 of 0.3-70 

mg/kg. Although the average concentration of cobalt in sol1 is elevated over 

the average U.S. background concentration (Table 2-1, 2-2), the levels on-slte 

are not out of a normal range. Therefore, a cobalt RfD is not expected to be 

crucial to the outcome of the risk assessment. 

An inhalation RfD for copper is not available from EPA (see Appendix F). 

The range of detection of copper in soil is 11-6,070 mglkg, which exceeds the 

U.S. background range for this metal. Slmllarly, calculated average 

concentrations of copper exceed reported U.S. average concentratlons. Because 

copper has been shown to cause local G.I. irrltatlon following ingestion, it 

is not practical to extrapolate from the oral route to the inhalation route. 
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Thus, the contribution of copper to health risks following inhalation is 

uncertain. However, it should be noted that doses and risks associated with 

inhalation of fugitive dusts are very low. 

The EPA weight of evldence for the carcinogenicity of lead is "B2" - a 

probable human carcinogen; however, a quantitative risk estlmate has not been 

provided (see Appendix F) . Lead concentrations appear to be elevated in soil 

(Tables 2-1 and 2-2), such that some degree of concern over the lack of 

quantitative cancer risk is noted. 

There are no oral or inhalation RfDs for nickel at this time (see 

Appendix F). The range of detection of nickel in sol1 is 2.7-105 mg/kg, whlch 

is well within the reported U.S. background range (Tables 2-1, 2-2). An RfD 

of 1E-02 mg/kg/day has been derived In order to calculate a llfetime health 

advisory for nlckel (EPA, 1987a). Comparison of thls RfD to oral doses 

received during current or future use of the site mdicate the omission of 

nlckel from the quantitative assessment is not likely to underestimate rlsk. 

Currently, no inhalation RfD for selenium has been published by the EPA 

(see Appendix F). The range of detection for soils is 0.33 mg/kg - 4.2 mg/kg, 

as compared to a U.S. background range of 0.1 - 3.9 mg/kg. Thus, levels on 

site appear to be slightly elevated and lack of a quantified dose-response 

relationship may have some impact on the outcome of the risk assessment. 

However, it should be noted that doses and risks associated with inhalation of 

fugitive dusts are very low. 

Volatile Organics 

An inhalation RfD 1s not available for tetrachloroethene at this time (see 

Appendix F). Tetrachloroethene was detected in both surface and subsurface 

soils at low concentrations, ranglng from 0.002-0.012 mg/kg, and 0.002-0.38 
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mg/kg, respectively. Derivation of an inhalatlon RfD from the oral RfD 

(1E-2 mg/kg/day) and comparrson with inhalation dose estimates Indicates that 

the absence of tetrachloroethene from the quantitative (inhalatlon) risk 

assessment is not likely to underestimate risk. 

Seml-Volatiles 

Currently, no RfD for 1,4-dichlorobenzene has been published by the EPA 

(see Appendix F ) .  1,4-Dichlorobenzene was detected once out of ten possible 

ground water sampling locations at a trace concentration (10 ugll), and was 

not detected in surface soil. The range of detection of 1,4-dichlorobenzene 

in subsurface soil is 0.05-2.2 mg/kg. The llfetime Health Advlsory is 0.075 

mg/l, from which an oral RfD of 0.1 mg/kg/day can be derived (EPA, 1987). 

Using this value to estimate non-cancer health risk from ingestion of ground 

water indicates that omission of 1,4-dichlorobenzene from the quantitative 

assessment 1s not likely to contribute to an underestimation of risk. 

No inhalation RfD for phenol has been published by the EPA due to 

madequate health effects data (see Appendlx F). Phenol was not detected in 

surface soil, and thus is not of concern for Scenarios 1, 2, 4 and 5. 

Concentrations of phenol in subsurface soil were low, and ranged from 0.15-2.7 

mg/kg. Extrapolation of the oral RfD (6E-01 mg/kg/day) to an Inhalation RfD 

and use in estimating inhalation rlsk in Scenario 3 (future construction use) 

suggest the absence of phenol from the quantitative assessment is not likely 

to contribute to an underestimate of rlsk. 

An inhalation RfD for 2,4-dichlorophenol has not been published by the EPA 

(see Appendix F). 2,4-Dichlorophenol was not detected in surface soll. Thus, 

omission from the quantitative assessment for Scenarios 1, 2, 4 and 5 1s not 

llkely to underestimate non-cancer health effects. In subsurface soil, 
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2,4-dichlorophenol was detected frequently and at low concentrations (range of 

0.054-2.7 mg/kg). If an inhalation RfD were extrapolated from the oral RfD of 

3E-03 mg/kg/day, exposures to fugitive dusts (Scenario 3) carrying 

2,4-dichlorophenol would not be expected to contribute significantly to the 

non-cancer risk assessment. 

The health effects of 2,4,5-trichlorophenol were determined to be 

inadequate for the derivation of an inhalation RfD (see Appendix F). 

2,4,5-Trichlorophenol was not detected in surface soil, and thus is not of 

concern for Scenarios 1, 2, 4 and 5. Concentrations in subsurface soil ranged 

from 0.11-14.0 mg/kg. Use of the oral RfD in estimating inhalation risk 

suggests that omission of 2,4,5-trichlorophenol from the quantitative risk 

assessment is not likely to underestimate risk. 

Tentatively Identified Compounds (TICS) 

TICS are not quantitatively addressed because their chemical identities 

were poorly characterized. In the vast majority of samples, the TICS are 

listed as "unknown". In the few isolated cases where a specific chemical is 

listed as a TIC, the levels are generally low (<1 mg/kg). Total TIC levels 

per sol1 sample range up to 100 mg/kg, but wlthout a better indlcatlon of the 

contaminants which comprise the TIC listing, no qualitative or quantitative 

assessment can be made. 

2.5.3 Uncertainty Assessment 

Site-Specific Uncertainty Factors 

The scenarios developed for the site include exposures resulting from 

probable current use by trespassers and potential future use of the site as a 

future recreation, commercial/industrial and residential area. The risks 
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associated with these scenarios are conditional on these land uses occurring. 

Observations made during field investigations indicate that activities such as 

trespassing have occurred on the site, although the frequency of such 

activities are unknown. Thus, the uncertainty associated with the exposure 

frequency and duration for Scenario 1 may be large, and may contribute 

significantly to an overestimation of risk. Current zoning for the site is 

commercial/industrial, although there is some potential for the site to be 

used for recreational purposes. This uncertainty in future use of the site 

adds a degree of uncertainty to the risks associated with Scenario 2. Use of 

the site for commercial/industrial purposes is more likely, thus reducing the 

uncertainty associated with Scenarios 3 and 4. Finally, it is unlikely that 

the site would be developed for residential use. The uncertainty associated 

with this scenario (Scenario 5) is quite large and is likely to contribute 

significantly to an overestimation of rlsk associated with the site. 

Additional uncertainty in the risk characterization may stem from 

exclusion of chemicals In the quantitative risk assessment. Chemicals which 

were not included in the quantitative risk assessment were excluded due to 

either lack of detection in the chemical analysis or as a consequence of 

mlssing toxicity data. 

Chemicals with missing toxlcity values are not expected to introduce a 

large degree of uncertainty into the risk estimates, as described in 

Section 2.6. Chemicals not detected on-site were omitted from the analysis on 

the basis that the samples taken include the worst portlons of the site. 

There is uncertainty with regards to the amount of sampling that would be 

required to verify that the chemlcal concentrations used presently truly 

represent the geometric mean and maximum values. 
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Any chemicals expected to contribute a significant uncertainty to the 

assessment of risk were addressed qualitatively in Section 2.4.2. Briefly, 

the exclusion of these compounds is not likely to underestimate the cumulative 

hazard index ratio due to low concentrations and doses. 

Table 2-20 summarizes the exposure pathways considered for the risk 

assessment, and reasons for exclusion or inclusion. Ingestion of ground water 

as a current use scenario was not addressed as no wells are located in the 

vicinity of the site. 

Two models were used to characterize exposure point concentrations. The 

first, a model used to estimate concentrations of chemicals in fugitive dust, 

was taken from AP-42 (EPA, 1988) (see Appendlx A ) .  The key model assumptions 

include the tlme frame durlng which the construction on slte is llkely to take 

place and the use of a yearly average wlnd speed. The potentla1 impact of 

these assumptions will be to underestimate risk if construction occurs for a 

longer period of time than originally estimated, or, if daily wlnd speeds 

exceed the a ~ u a l  average wind speed. The second model, volatilization of 

chemicals during home use of ground water (1.e.. showering) (see Appendlx A) 

was taken from Andelman (1985). A key assumption for this model is likely to 

include the fraction of contaminant volatilized, which 1s assumed to be 0.9 

(90%). This assumption 1s likely to overpredlct, rather than underpredlct, 

risk. 

As indicated in Section 2.5.1, the primary route of exposure for Scenarlos 

1, 2 and 3 is incidental ingestion of soil, while ingestion of ground water 1s 

the primary route of exposure for Scenarlos 4 and 5. Site data gaps whlch 

resulted in the use of conservative assumptions for Scenarios 1 and 2 lnclude 

the frequency with which children trespass on the slte or use the site for 

recreational purposes. Similarly, the exposure duration for construction 
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workers was based on a conservative assumption, such that the risk estlmate 

may be overestimated. Finally, risks associated with ingestion of ground 

water rely on the 90th percentile ingestion rate (2 llday) (or one half this 

value for consumption during a work day), and this may drive the risk estimate 

for this pathway. 

Some significant uncertainties exist in the data used for this site. In 

most cases these uncertainties are likely to overestimate, rather than 

underestimate, the risk. 

A few examples of data uncertainties include: 

Chemicals detected infrequently in all media were assumed to occur 
across the site at an average or maximum detected concentration. 

"UJ" data (i.e., resulting from matrix effects) were included as 
the SQL in calculations of the average, and considered as 
potential locations of contamination. 

"U" data (non-detect values) were included as one half the SQL, 
used in calculation of the average, and considered as potentla1 
locations of contamination. 

Uncertainties in background sampling locations, particularly with 
regard to inorganic compounds, disallowed exclusion of compounds 
which may occur naturally at the site. 

Uncertainty Surrounding Cancer and Non-Cancer Risks 

For the risk estimation of cancer and of chronic non-cancer health 

effects, risks from all exposure pathways and for all chemicals have been 

summed to yield the total site risk for a given receptor. This is a 

conservative approach, since, in general, different chemicals do not have the 

same target organ or mechanism of action. Thus, their toxic effects may be, 

at least in some cases, independent and not additive. Further, chemicals may 

antagonize one another through competition for enzymes and binding sites, and 

by inhibition of pathways needed for chemical transport (absorption, cellular 

uptake, etc.) or metabolic activation. However, it is also posslble that 
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certain chemicals can be synergistic such as 1s the case when a promotor-type 

carcinogen greatly enhances the expression of genetic damage induced by a low 

dose of an initiator. The uncertainties surrounding these possibilities are 

discussed below for the chemicals found on-site. 

Cancer Risks 

The major uncertainty regarding cancer risk is the degree of exposure 

possible to PAHs in drinking water. While PAHs in ground water contributed 

more to cancer risk than any other agent or pathway in Scenarios 4 and 5, the 

carcinogenic PAHs were not actually detected in ground water. Their inclusion 

in the quantitative assessment is based upon UJ qualified data, which 

indicates that the chemical was not detected but there is uncertainty 

regarding the sensitivity of the analytical test (SQL value). This 

uncertainty drives the risk assessment and thus is worth discussing in greater 

detail. On one hand it would appear unlikely that carcinogenic PAHs were 

actually in ground water since this uncertainty (UJ data) occurred in only 1 

of 10 monitoring wells, and at the other nine monitoring wells none of these 

agents were detected. However, other PAHs (non-carcinogenic) were detected in 

several of the monitoring wells (e.g., naphthalene In three wells, range = 

3-240 ug/l: phenanthrene in two wells, range = 3-21 ug/l: fluorene in two 

wells, range = 3-25 ug/l). Since the carcinogenic and non-carcinogenic PAHs 

are often found together in environmental matrices, it is not unexpected that 

some level of the carcinogenic PAHs is also present in ground water. Thus, 

while there is no firm basis to conclude that cancer risks from PAHs in ground 

water are possible at this site, this possibility cannot be eliminated. 

Inclusion of the one set of UJ data highlights this possibility, but it does 

not portray the likely magnitude of such possible risks. which currently 

cannot be determined. 
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PAHs in surface soil make a substantiative contribution to cancer risk in 

Scenario 5 ,  with risk levels of 4E-05 in the average case to 7E-04 in the 

worst case. Carcinogenic PAHs were elevated at a variety of surface soil 

locations. Thus, it is probable that should the modeled dust exposure 

behaviors occur on this site, extensive PAH exposure could occur. The data 

suggest that a substantial portion of the site could be affected (7 of 15 

sampled locations). ~ d d i  tional soil sampling would be useful to further 

define the geographic extent of this contamination. 

Benzene was detected in ground water at three monitoring wells, but only 

at low concentrations. Its presence in ground water could conceivably 

contribute to cancer risk due to inhalation during bathlng and ingestion 

exposures. The oral cancer slope factor is extrapolated from the inhalation 

value since no oral-speciflc value has been derived. Thls dose route 

extrapolation should not introduce a large degree of uncertainty since the 

target organ for benzene-induced carclnogenesis is systemic (hematopoletlc 

system) rather than local to the portal of entry. However, dosimetric 

differences are possible when switching dose route (e.g., oral exposure is 

associated with a first pass liver effect), which could affect cancer potency 

and thus risk from oral exposure. Since benzene exposure was not associated 

with a large portion of the cancer risk at this site, this uncertainty does 

not appear to be a major factor. 

Interactions between carcinogens present at this site may both lead to 

enhanced and diminished carcinogenic responses. Arsenic, which is responsible 

for some elevation in cancer risk on-site, is at most only weakly mutagenic, 

but its carcinogenic effects appear to be mediated through clastogenic effects 

(ATSDR, 1989). Arsenic-induced chromosomal damage may be due to an impairment 

of DNA replication or repair, and this effect could facilitate the genotoxic 
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effects of other agents (ATSDR, 1989). Arsenlc has been shown to greatly 

increase the mutagenic effects of direct-acting agents such as UV radiation, - 
and alkylating agents. Further, arsenic appears to increase the production of 

lung tumors caused by benzo(a)pyrene, and is generally considered to have 

promotional activity (ATSDR, 1989). The target organ for arsenic's effects 

after oral ingestion (inhalation of arsenic is not a major concern at thls 

site) is primarily the skin, but elevations in bladder, liver and lung cancer 

in humans exposed orally to arsenic have also been reported (EPA, 1991 - IRIS 

File; ATSDR, 1989). Therefore, it appears that arsenic might be able to 

enhance the carcinogenic action of other genotoxlc agents at a variety of 

target sites. 

Of the other carcinogens of concern found on-site, only the group of PAH 

compounds can be classified as being genotoxic. The PAHs were responsible for 

a majority of the elevated risk on site. Like arsenlc, the PAH compounds 

exert genotoxic and carclnogenlc effects In skin and at internal organs 

(ATSDR, 1990). The finding that arsenlc can enhance lung tumor production by 

benzo(a)pyrene (ATSDR, 1989) supports the concept that a synergistic action 1s 

possible, particularly since arsenic and PAH compounds are found together In 

soil. Since the skin is an important target site for both the PAH compounds 

and arsenic, the synergistic effect might be most probable in the skln. 

Exposure to the skin may occur both directly by dermal contact, and after 

ingestion of soil or drinking water. 

It is of note that beryllium, another carcmogenic metal found In soll, 

also can produce skln tumors upon oral exposure. 

There is evidence that arsenic's toxic, cytogenetic, and carclnogenic 

effects can be antagonized by selenium, possibly through an interaction at the 

level of biliary excretion (ATSDR, 1989). 
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The carcinogenic PAH compounds are considered to, in general, act 

similarly with respect to mechanism of action and target organ. However, as a 

- mlxture their effects may not be strlctly addltive due to the potential for 

co-carcinogenic and antagonistic effects (ATSDR, 1990). These effects appear 

to be mediated primarily through Interference with each other's metabolism - 
either activation or detoxification, and by inducing, activating or 

detoxifying enzymes. The difference between antagonism, synergism and 

additivity of carcinogenic effects appears to depend upon the timlng of the 

dosage of the different PAHs, the ratio of the different agents admlnistered. 

and the exact agents involved (Baird, 1984; Slaga, 1979; Van Duren, 1976). 

These factors are too complex to allow prediction of the likely outcome from 

the interaction of PAH compounds at this slte. However, this factor does 

introduce uncertainty in the calculation of cancer rlsks. 

Non-Cancer Effects 

In several instances, chemicals in soil elevated the HI because of sol1 

~ngestion. In the worst case analysrs of Scenarlo 5, ingestlon of antimony, 

copper and zlnc each caused the HI to exceed 1E+00. However, in the average 

case these chemicals alone, or In combination, did not elevate HI. In 

Scenario 3, a construction scenario where the ingestlon rate is set at 480 

mg/day, the hazard quotient index maximum was calculated to be 2.OE+00. This 

value is based upon the maximum detected value of antimony which was 167 

mg/kg. There was only one other location out of 28 sampling locations where 

the antimony concentration in soil exceeded the U.S. background levels (58.8  

mg/kg). The extent to whlch the contamination of antimony from these two hlgh 

level sites would effect construction workers at the McAllister slte is not 

known. However, given the nature of construction tasks (the movlng, mixlng 
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and diluting of contaminated soils), the chronic, non-cancer effects 

attributed to antimony on construction workers is likely to be below that 

- predicted by the worst case analysis. It should be noted that the HI was less 

than 1E+00 in the average case in this scenario. 

By far the majority of health hazard found on-site at McAllister Point is 

associated with the potential ingestion of metals in drinking water, including 

antimony, arsenic, cadmium, chromium, copper, manganese, mercury and zinc. Of 

these chemicals, antimony, arsenic and manganese were each capable of driving 

the health hazard index ratio above 1E+00 in the average case when the mean 

concentration of each chemical was used. 

These elevations in HI are associated with elevations in ground water 

concentrations, as discussed above. Therefore, the major uncertainty 

associated with non-cancer risks at this site is the potential for ground 

water to be used as potable water. Since the ground water at thls site is 

apparently brackish and thus not suitable for use as potable water, these 

contributions to HI may not be very likely. 

The elevations in HI (above 1E+00) at this site were generally not caused 

by adding individual HIS for different compounds. Several metals were capable 

of elevating the HI on their own. Therefore, considerations of whether it is 

appropriate to summate HIS stemming from non-cancer effects that occur in 

different tissues for different chemicals do not increase the uncertainty in 

this analysis. 

Uncertainties In The Derivation of Toxlcity Values 

In numerous cases in which a toxicity value was available for one exposure 

route but not another, a dose route extrapolation was performed. These 

extrapolations were utilized to go between the oral and inhalation routes of 
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exposure if the toxic/carcinogenic effects were systemic rather than local. 

The compounds for which this was done are noted in Appendix F. The oral to 

- inhalation dose route extrapolation can underestimate potency from inhalatron 

exposure if the chemical is irritating, insoluble, slowly absorbed or highly 

reactive. Under these conditions, the dose to speclfic lung regions may be 

greater than that to the G.I. tract or internal organs, creating the 

possibility that the lung would be at greater risk. At thls site, this 

possibility is greatest for the oral-to-inhalation extrapolation of RfD values 

for the metals arsenic, beryllium, nickel and zlnc. However, inhalation of 

these metals was due to the dust inhalation pathway which was a minor exposure 

route. Therefore, underestimation of toxicity values for inhalation exposure 

should not have a large effect on the outcome of thls risk assessment. 

A form of dose route extrapolation used in this assessment was the use of 

oral toxicity values for dermal exposure. This extrapolation was utilized for 

all compounds except PAH compounds, whose potential for dermal effects was 

discussed. 

A correction factor was not used for dermal RfDs and slope factors to take 

into account the difference between absorbed vs exposure doses in oral vs 

dermal data, based on guidance from EPA Regron I. In general, the oral 

toxicity values are based upon an exposure dose, while the dermal doses for 

the modeled pathways are in terms of  an absorbed dose. The absence of the use 

of such a correction factor provides a less conservative approach in 

estimating risk. 

Assignment of the benzo(a)pyrene cancer slope factors to other 

carcinogenic PAH compounds is likely to create a considerable overestimate of 

risk. Benzo(a)pyrene is one of the most potent PAH compounds, and of the 

others on-site, only dibenzo(a)anthracene has a similar carcinogenic potency 
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(Rugen, 1989; Clement, 1987; EPA, 1985). Chrysene's potency appears to be 

-200 fold below that for benzo(a)pyrene. The data upon whlch these relative 

potency estimates are based are taken from primarily dermal studies in which 

the development of skin tumors was studied. The degree of uncertainty in 

extrapolating these results to the oral route of exposure in order to adjust 

the oral slope factor is not known. However, these data are applicable to 

considerations of the cancer risk from dermal exposure. The overestimation 

created by using the benzo(a)pyrene slope factor as a surrogate for the other 

PAH compounds partially offsets the possible underestimation of risk from 

dermal exposure caused by not adequately characterizing the dermal exposure 

dose to arsenic and PAH compounds, as described above. 

The use of the RfD for naphthalene for all PAHs not currently assigned an 

RfD is a conservative approach recommended by EPA, Region I (EPA, 1989). 

Naphthalene's chemical and physical properties are unlike the group of PAHs, 

suggesting the existence of uncertainty In the use of the toxicity values for 

naphthalene. 
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3.0 MELVILLE NORTH LANDFILL - SITE 02 

The Melville North Landfill site is situated at the northern end of the 

NETC facility in a low-lying, wetland-type area along the shoreline of 

Narragansett Bay. The site encompasses approximately 10 acres and a portion 

of it was used as a landfill for a period of time following World War 11, 

until 1955. Currently, the site is not in use, but the Navy has sold the land 

to a private party who intends to build a comrnercial/industria1 marina. 

3.1 Identification of Chemicals of Potential Concern 

3.1.1 Data Collection 

A geophysical survey was conducted prior to initiation of sampling 

activities. Fifteen surface soil samples were collected from on-site 

locations. On-site samples were collected outside of suspected fill areas, to 

characterize undisturbed site conditions. An area of oily surficial deposits 

were chemically characterized in prevlous site investigations. 

Seven test pits were excavated to investigate former lagoon locations and 

geophysical anomalies. Soil samples were collected from four of the test 

pits. Thirteen test borings and flve well borings were also advanced at 

various locations throughout the site. Two to three samples were generally 

collected from each boring located in the fill area: one from the fill 

material, one from immediately beneath the fill materlal, and one at the water 

table. One to two soil samples were collected from other soil borings. 

Observed fill materials are generally characterized as consisting of soil and 

gravel fill, scrap metal debris, and burned wood debris. 

Four on-site monitoring wells and one off-site, upgradient monitoring well 

were sampled in July 1990. Petroleum odors and sheen were present in one 
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on-site well (MW-4) and an oil layer was identified in another on-site well 

(MW-3). 

Three sediment samples were collected from a wetlands area just north of 

the site. 

3.1.2 Data Evaluation 

As detailed in the RI report, the site was used as a landfill for at least 

the period following World War I1 until 1955 and landfill wastes remain 

in-place on-site. Field studies have revealed the presence of numerous 

organic and inorganic contaminants in the surface and subsurface soils and 

ground water. 

In order to organize the data into a form manageable and appropriate for 

the baseline risk assessment the following steps were followed during the data 

evaluation process as described by EPA (1989) and EPA (1989a): 

Gather and sort all data by medium (surface soll, and subsurface 
soil and ground water), and determine the spatial drstribution of 
detects and non-detects; 

Evaluate methods of analysis; 

Evaluate the sample quantitation limits: 

Evaluate the data qualifiers and codes; 

Evaluate blank data: 

Evaluate tentatively identified compounds (TIC'S); 

Evaluate background data; 

Develop data sets by medium; and 

Develop a set of chemicals of potential concern from the entire 
data set. 

Briefly, the specific methods used for Site 02 include the following, 

which correlate with the previously described steps. 
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1) All analytical data was initially sorted by media (surface soil, 
subsurface soil and ground water). Near shore soil samples were 
included in the analyses of surface soil. Surface water samples 
(e.g., Narragansett Bay) were not taken in Phase I. 

2) An evaluation of analytical methods was not considered to be 
necessary as all data used was analyzed by EPA's Superfund 
Contract Laboratory Program (CLP) procedures; 

3) Unusually high sample quantitation limits (SQL's) were not 
commonly reported in any of the matrices analyzed. Thls 
indicates that in most cases, matrix or chemical interferences in 
the analytical determinations did not cause a loss of sensitivity 
at this site. One-half of the SQL was used for a non-detectable 
reading if there was evidence that the chemical is present in 
that medium. However, for non-detects where it appeared more 
likely that the chemical could be present at a value greater than 
1/2 the SQL, the entire SQL was used. Consideration as to the 
use of one-half the SQL included extent and degree of 
contamination or concentration within each medla and potential 
for migration between media. Similarly, if a chemical was not 
detected in a single medium, transport and fate information was 
used to determine the likelihood of low chemical contamination 
(below the SQL) in that particular medium; 

4) Data validation qualifiers were assessed during the data 
evaluation process. As indicated in EPA guidance (EPA, 1989 and 
1989a), data qualified wlth U, J or UJ qualifiers were used in 
the quantitative risk assessment when appropriate. Chemlcal data 
qualified with a "U" (not detected) was used as one half the 
SQL. Non-detect values were not lgnored based on the presence of 
"hits" within the same media or uncertainty associated with 
analysis (i.e., "UJ" qualified data); 

5) Field and laboratory blanks were used to segregate actual site 
contamination from cross contamination from field or laboratory 
procedures. As indicated in EPA (1989) sample results were 
considered positive only if concentrations exceeded ten times the 
concentration of a common laboratory contaminant in a blank, or 
five times the concentration of a chemlcal that is not considered 
a common laboratory contaminant: 

6) Tentatively identified compounds (TICs) were reported In sol1 
samples across the site. Approximately one half of the TICs 
ranged from relatively low concentrations (100 pg/kg) up to 
10,000 pg/kg. TICs were reported in the majority of subsurface 
soil samples with a very wide range of concentratlons (3 pg/kg up 
to 400,000 pg/kg). Of the five monltor wells sampled. all 
contained TICs with the exception of MW-5, located upgradient of 
the landfill proper. In general, the number of TICs (ranging 
from 3 to 20), and the concentrations (6 pg/l to 780 pg/l), were 
low. Due to the uncertainty associated with the quantitative and 
qualitative nature of these TICs, only a qualitative assessment 
of risk associated with exposure was lncluded in this assessment; 
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7) Background soil sampling locations were identified for the 
Melville North Landfill site (Site 02). Boring MO-5 (0-2') was 
identified as a background surface sampling location and was used 
for comparison purposes. National soil background levels (i.e., 
naturally occurring levels) were also used as a screening method 
to evaluate non-site related chemicals or commonly encountered, 
naturally occurring chemicals. Monitor well MW-5 was located 
upgradient of the landfill portion of the site and was used for 
comparison purposes to determine migration of contaminants in 
ground water; and, 

) Tables 3-1 through 3-3 provide the chemicals and concentrations 
sampled in surface soils, subsurface soils, and ground water 
respectively. Sediment samples taken at near shoreline locations 
were considered as surface soil samples. Table 3-4 provides a 
summary of chemicals of potential concern in each media. 

3.1.3 Summary of Surface Soil Data 

Table 3-1 presents a summary of the analytical data associated wlth 

chemicals detected in surface soll, organized by class including semi-volatile 

organics, volatile organics, inorganics and pesticides/PCBs. Each class of 

chemicals is discussed in detail below. 

Inorganics 

All of the inorganics analyzed were detected at a minimum of one of twenty 

locations on site. SQL's for inorganlcs were not unusually high. Comparisons 

to U.S. background (naturally occurring) levels (see Table 3-11 indicate a 

general trend of elevated concentrations of antimony, arsenic, cobalt, copper, 

/ 
lead, mercury, nickel and zinc. 

Volatile Organics 

Of the thirty-five volatile organics analyzed for in Table 3-1, only two 

(2-butanone and methylene chloride) were not detected at any of the twenty 

sampling locations. Eight VOCs were detected at a frequency of 6/20 or 

greater including 1,1,2,2-tetrachloroethane (7/20), 4-methyl-2-pentanone 
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(8/20), chlorobenzene (7/20), ethylbenzene (7/20), styrene (71201, 

tetrachlorethene (8/20), toluene (8/20) and xylenes (7/20). 

Semi-volatile Organlcs 

Of the sixty-five seml-volatlle organics analyzed for in surface soil and 

listed in Table 3-1, forty-four were not detected at any of the twenty 

sampling locations. 

Polycyclic aromatic hydrocarbons (PAHs) detected at fourteen or more of 

the twenty sampling locations include benzo(a)anthracene (15/20), 

benzo(a)pyrene (14/20), benzo(b)fluoranthene (15/20), benzo(k)fluoranthene 

(14/20), chrysene (16/20), fluoranthene (17/20), phenanthrene (15120) and 

pyrene (17/20). The concentrations of these PAHs ranged from below the sample 

quantitation limit (0.022 mg/kg for dlbenzo(a,h)anthracene) to 15.0 mg/kg (for 

pyrene and fluoranthene). All other PAHs were detected at a frequency of 8/20 

or less. With the exception of dl-n-butylphthalate (11'20 - detected below the 

SQL), phthalate esters were not detected in surface soils. No unusually hlgh 

SQL's were detected. 

No naturally occurring levels were available for comparison with on site 

concentrations. 

Pesticides/PCBs 

Only the pesticides 4,4'-DDD (1/20), 4,4'-DDE (12/20) and 4,4'-DDT (15/20) 

were detected on site. The range of detected concentratlons were low, elther 

equal to or below SQL's for 4,4'-DDD and 4,4'-DDE. The detected concentration 

of 4,4'-DDT was slightly hlgher than the SQL (.45 mg/kg) at SS-7. Of the PCBs 

analyzed for, only Aroclor-1260 and  rocl lor-1254 were detected on-site, at 
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7/20 and 1/20 locations, respectively. The detected concentrations ranged 

from below the SQL (.043 mg/kg at SS-12) to 8.0 mg/kg at SS-1 for Aroclor-1260. 

3.1.4 Summary of Subsurface Soil Data 

Table 3-2 presents a summary of the analytical data associated wlth 

chemicals detected in subsurface soil (specifically, test plt and soil borlng 

samples), organized by chemlcal class, including semi-volatile organics, 

volatile organics, inorganics and pesticides/PCBs. Each class is discussed In 

detail as follows. Depths to twelve feet were used in the risk assessment 

based on potential site uses. 

Inorganlcs . 

Most inorganics were detected at a frequency of 33/34 or 34/34 (see Table 

3-2). Exceptions include antimony (22/34), beryllium (32/34), cadmium 

(25/34), mercury (16/34), selenium (19/34), silver (15/34), sodium (23/34), 

thallium (27/34) and cyanide (6/34). Of these inorganlcs, only thallium was 

detected solely on the basls of quallfled (UJ) data. Comparison to U.S. 

background (naturally occurring) levels (see Table 3-2) indicates a general 

trend of elevated concentrations of antimony, arsenlc, cadmlum, cobalt, lead, 

manganese, mercury, nickel, vanadium and zinc. 

Volatile Organics 

Of the volatile organics (VOCs) analyzed, only methylene chloride was not 

detected at any of the thirty-slx locations. Eight VOCs were detected at ten 

or more locations, including carbon tetrachloride (10/36), 2-hexanone (10/36), 

4-methyl-2-pentanone (10/36), chlorobenzene (12/36), ethylbenzene (12/36), 

toluene (10/36), xylenes (13136) and tetrachloroethene (10/36). Of these 
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VKs, only data for chlorobenzene, ethylbenzene, toluene and xylene contained 

"hits", that is, data not associated with data qualifiers (e.g. "UJ" data). 

No naturally occurring levels were available for comparison with on site 

concentrations of VOCs in subsurface soils. 

Semi-volatile Organics 

Of the sixty-five semi-volatile organics listed in Table 3-2 for 

subsurface soil, fifteen were not detected at any of thirty-six (36) locations 

on site. Furthermore, five compounds were detected only once (out of 

thirty-six possible locations) and nlneteen were detected only twice. Of 

these twenty-four compounds, all were detected at low concentrations (i.e., 

close to or less than the detection limit). Polycyclic aromatic hydrocarbons 

(PAHs) detected at more than half of the thirty-six locations include 

benzo(a)anthracene (20/36), benzo(a)pyrene (21/36), benzo(b)fluoranthene 

(19/36), benzo(k)fluoranthene (191361, chrysene (22/36), fluoranthene (241361, 

phenanthrene (23/36) and pyrene (25136). The range of detection for these 

PAHs was 0.044-28.0 mg/kg. Seven other PAHs detected at a frequency of 25-50% 

at the 36 locations included benzo(ghi)perylene, indeno(l23cd)pyrene, 

acenaphthene, anthracene, dibenzo(a,h)anthracene, naphthalene and 

2-methylnaphthalene. Bis(2-chloroethy1)ether was detected at 10136 

locations. However, these data points are not clear hlts but rather were 

qualified ("UJ") data. Phthalate esters were detected infrequently. 

Di-n-octylphthalate, the most frequently detected phthalate ester, was 

detected at 5/36 locations at concentrations within the range of the SQL. 

Unusually high SQL's occurred occasionally in subsurface soil samples, 

particularly in boring sample (M04-1) with an SQL equal to 45,000 pg/kg for 

phenolic compounds. No visual contamination was noted in thls sample. 
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No naturally occurring levels were available for comparison with on site 

concentrations. 

Pesticides/PCBs 

Four pesticides were detected in subsurface soils, all at concentrations 

below the detection limits, including 4,4'-DDD (1/36), 4,4'-DDE (21361, 

4.4'-DDT (5/36) and aldrin (1/36). Two PCBs were detected in subsurface 

soil. Aroclor-1254 was found at 6/36 locations at levels equal to or below 

the detection limits. Aroclor-1260 was detected at 5 of 36 locations at 

levels equal to the detection limit ranging to one order of magnitude greater 

than the detection limit. 

3.1.5 Summary of Monltor Well Data 

Table 3-3 presents a summary of the analytical data associated wlth 

compounds detected in a single round of ground water monitoring. Each class 

of chemicals is discussed in detail below. 

Inorganics 

Several morganics were not detected at any of flve sampling locations. 

Those inorganics include antimony, cyanide, selenlum and sllver. Inorganics 

detected at a frequency of 100% include aluminum, arsenic, barlum, calcium, 

copper, iron, lead, magnesium, manganese, potassium, sodium, thallium and zinc. 

Comparison of detected concentrations of inorganics in ground water to 

site background levels (upgradient MW-5) indicated a general trend of elevated 

concentrations for antimony, barium, cadmum, copper, lead, manganese, 

mercury, vanadium and zinc. 
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Volatile Organics 

With the exception of methylene chloride, all volatile organic compounds 

- 
were detected at a mlnimum of one of five possible sampling locations. The 

most frequently detected VQCs include benzene and chlorobenzene, which were 

each detected three times out of five possible sample locations. In general, 

concentrations of VOCs were low (near or below the SQL) and data was 

associated wlth qualifiers (U or UJ). Data for benzene, chloroethane, 

ethylbenzene, toluene and xylenes were not associated wlth any qualifiers. and 

in general. exceeded SQL's. 

Semi-volatile Organics 

Of the sixty-five semi-volatile organlcs analyzed for In the ground water 

samples and listed in Table 3-3, only nine were detected at any of the flve 

sampling locations. These include 1,3-dichlorobenzene, 1,4-dichlorobenzene, 

2-methylnaphthalene, acenaphthene, anthracene, bis(2-ethylhexyl)phthalate, 

naphthalene, phenanthrene and pyrene. These compounds were detected as "hits" 

(unqualif led detectable concentrations) at a frequency of one or two of five 

sample locations. 

Pesticides/PCBs 

Gamma-BHC and Aroclor-1260 were the only pesticide or PCB compounds. 

respectively, detected in ground water. Gamma-BHC was detected at one 

location while Aroclor-1260 was detected at two of five sampling locations. 

3.1.6 Selection of Chemicals of Concern 

Table 3-4 presents a summary of contaminants in all media sampled (as a 

range of detection). Chemicals carried through the quantitative rlsk 
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assessment are marked with a single asterisk ( * )  to the rlght of the chemical 

name. Chemicals discussed in the qualitative rlsk assessment are marked with 

two asterisks (**) to the right of the chemical name. Those chemicals 

addressed both quantitatively and qualitatively are marked wlth 3 asterisks 

(***).  Chemicals detected on site and associated completely wlth data 

qualifiers ("U" or "UJ" designations) are noted accordingly. Flnally, 

contaminants of concern for this site are labeled in Table 3-4. 

Chemicals of potential concern were selected from Tables 3-1 through 3-3 

based upon their presence in a matrix and their potential to produce toxic 

effects. All chemicals positively identifled in a matrix are included as 

chemicals of concern, and the associated risks are quantitated if cancer 

potency factors and RfD values are available. If these are unavailable, then 

the chemical's potentlal to produce adverse health impacts is considered for 

qualitative assessment. 

Chemicals of potential concern are also those wlth "UJ" qualified data 

because of the uncertainty surroundmg the SQL and thus the sensitivity of the 

analysis. Much of this uncertainty is removed if "UJ" data are the rare 

exception rather than the rule for a chemical, and there are no other sampling 

locations where the chemical was detected in that matrix. Further, lf the 

reported SQL is not unusually high and lf there are not a prlori reasons to 

suspect that the "UJ" data are in a contaminated zone (e.g., other "hlts" in 

the matrix. site history, visual/odorous indicators), then it 1s appropriate 

to treat the data point as not detected and thus exclude it from the 

quantitative risk assessment. 

Some of the chemicals of potentlal concern listed In Table 3-4 were 

selected because of "UJ" data. The number of samples collected in each matrix 

was not always large, and thus there 1s low confidence that the one or several 

NAVAL EDUCATION AND 
TRAINING CENTER TIC 



"UJ" samples represent clear evidence of chemlcal absence in that matrix. 

Chemicals of potential concern solely because of "UJ" data were included in 

the risk assessment only if they are carcinogens. Thus, the uncertainty 

surrounding the "UJ" data is handled by inclusion of these data in the 

quantitative risk assessment for carcinogens. In cases where "UJ" data are 

included in the quantitative assessment. the SQL (not one-half the SQL) was 

used because of the probability that the SQL was underestimated in these 

samples. 

3.2 Contaminant Fate and Transport 

This section of the risk assessment evaluates the fate and transport of 

contaminants associated with the site and provides an indication of future 

contaminant movement. Sectlon 3.1 outllned the occurrence of contamination 

across the slte in surface soil, subsurface sol1 and ground water. Observed 

contamination consists mainly of: numerous inorganlcs, VGCs, PAHs and DDT (or 

breakdown products) in surface soil; numerous ~norganics, VGCs, PAHs, DDT (or 

breakdown products) and PCBs In subsurface soil; and, ~norganics, and few VOCs 

in ground water. 

3.2.1 Potential Routes of Mlgratlon 

To determine the fate of contaminants of potentlal concern at the slte, 

information on the physical/chemical and environmental fate properties was 

collected for site contaminants. This information is presented in Appendix G 

for selected contaminants of concern. Several of the environmental media 

studied have the potential for off-slte migration, prlmarlly surface soils and 

ground water. Subsurface soils are not likely to be at risk of transport 

off-site unless exposed by excavation. Although the subsurface soils contain 
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several chemicals of concern, the mode of transport of the chemicals would be 

primarily through leaching and ground water transport. 

Contaminants in surface soils can migrate or be carried from the site by 

surface runoff (resulting from precipitation), by the wind in the form of fine 

particulates sorbed to windblown dust, and by users of the site via vehicle 

tires, shoes, etc. In additron, contaminants can move from the surface soils 

(leaving the soils in place) through leaching by infiltration of preciprtation 

and transport by ground water, and volatilization to ambient air. Finally, 

transport of contaminants to plants or animals which may potentially be 

consumed by humans is a possible route of migration. 

3.2 .2  Contaminant Distributron and Observed Migration 

The following section examlnes the contaminants present across the site, 

(also discussed in Section 3.1), in combrnation with the migration pathways, 

to provide an understanding of contaminant persistence and migration at the 

site. The drscussions below are presented with respect to contaminant or 

contaminant group. Contaminants observed in the environmental samples 

collected from the site include volatile organic compounds, semi-volatile 

organic compounds, PCBs, pesticides, and inorganrcs. 

Inorganic Analytes 

Many metals have an affinity for soils (particularly clay particles and 

organic matter in soils) which reduces their mobility. Under extremes of pH, 

some metals can be rendered mobile. The presence of the inorganic analytes, 

particularly the naturally occurring elements, must be examined in the context 

of natural background concentrations, as presented in Tables 3-1 and 3-2. The 

analytes which appeared elevated above U.S. background surface soil levels rn 

NAVAL EDUCATION AND 
TRAINING CENTER 



one or more samples are: antimony, arsenic, cobalt, copper, lead, mercury and 

nickel. 

The analytes which appeared elevated above background in subsurface soil 

samples include antimony, barlum, beryllium, cadmium, chromium, copper, lead, 

manganese, mercury, nickel, sllver, vanadium and zinc. 

All inorganics with the exception of antimony, cyanide, selenium and 

silver were detected in on-site ground water, suggesting migration has 

occurred from soils. Comparison of inorganic concentrations in ground water 

on-site to upgradient concentrations indicates that a general trend of 

elevated concentrations occurs for all Inorganics with the exceptlon of 

aluminum, arsenic, beryllium, chromium, cobalt and nickel. Well locations 

made it difficult to examine the potential migration of lnorganlcs off-site. 

However, a comparison of MW-1 (western edge of site) and MW-2 (central 

location upgradient from MW-1) does not show a trend of inorganics migrating 

off-site. 

Volatile Organic Compounds 

Most volatile organic compounds (VOCs) were detected In soils on-slte, 

with the exception of methylene chloride. In general, concentrations of VOCs 

were low (near the SQL) with the exceptlon of acetone (0.24 - 6.2 mg/kg), 

ethylbenzene (0.006 - 2.3 mg/kg) and xylenes (0.003 - 11.0 mg/kg). Each VOC 

was detected in at least one monitoring well (agaln, wlth the exceptlon of 

methylene chloride), but data was associated with data qualifiers. VOCs 

detected at elevated concentrations and not qualified durlng data validation 

include benzene (3 - 49 pg/l), chloroethane (10 - 50 pg/l), ethylbenzene (5 - 

44 pg/l), toluene (5 - 6 pg/l), and xylenes (5 - 110 pg/l). The prlnclpal 

mechanism for the natural removal of aromatic VOCs 1s through volatlllzation 
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(EPA, 1979). Vapor pressures ( @  approximately 20°C) of the aromatlc 

hydrocarbons range from 1 to 362 mrn Hg and Henry's Law Constants range from 

- 3.97 x lo-s to 3.84 x 10-I atm-m3/mol. The role of biodegradation in the 

natural attenuation of these compounds is compound specific. Similarly the 

role of adsorption is compound specific (e.g. acetone has little tendency to 

be retained by soils); the amount adsorbed is highly related to the amount of 

organlc carbon in the soil and is represented numerically by the organic 

carbon/water partition coefficient (KO,). The compounds with higher Koc would 

be preferably partitioned to organic matter in soils and thus would be less 

likely to be leached from the solls and transported to the ground water. Some 

aromatic hydrocarbons are highly mobile. Benzene, for example, has a moderate 

solubility (greater than 1,000 mg/kg) and low KO, (83 ml/g). Therefore, 

benzene, because of its tendency to volatilize and biodegrade, would be moblle 

but would not be expected to be very persistent In the environment. 

Conversely, xylenes, with thelr lower solubility (198 mg/kg) and higher Koc 

(240 ml/g), would not be as mobile as benzene, but would be more persistent in 

the envlroment as they would tend to sorb to sol1 particles. 

Subsurface soils from test pits and borings contamed many aromatic 

hydrocarbons, generally at low concentratlons. Based on frequency of 

detection and concentration, the subsurface soils are contaminated primarily 

with xylenes, ethylbenzene and acetone. In particular, acetone has a low KO, 

value and is extremely soluble In water (100,000 mg/l for acetone). These 

properties suggest that acetone 1s llkely to leach downward through solls to 

the ground water. 

VOCs were not consistently detected In surface soil. The most frequently 

detected VOCs (4-methyl-2-pentanone, toluene and tetrachloroethene) were 

detected at low concentrations, as were the less frequently detected VOCs. 
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Based on the mobility and water solubility of these VOCs and the history of 

the site as a landfill, it is not unusual that increasing patterns of 

7 

detection were found in subsurface soils. 

Aromatic and chlorinated hydrocarbons were present in many ground water 

samples. VOCs noted above trace concentrations (greater than the SQL) in 

ground water samples included benzene, ethylbenzene and xylenes. Of the VOCs 

detected in the ground water samples, xylenes were found at the highest 

concentrations (up to 110 pg/l). The chemical/physical and environmental fate 

data indicate that these hydrocarbons are expected to migrate downward in 

soils to ground water. 

Ground water beneath the site exits the slte primarily to the west, both 

as shallow and deep ground water and connects hydraulically with Narragansett 

Bay. Contamlnatlon present in monltoring wells MW-1, MW-3, and MW-4 1s 

considered to be indicative of migration of contaminants in ground water 

off-site. Exammation of patterns of VOC occurrence In these wells indicates 

that some mlgration of VOCs may be occurring. For example, detectable 

concentrations of most VOCs were found in MW-1 although concentrations were 

very low (at or below the detection limlts). However, data from an on-slte, 

upgradient well (MW-2) does not indicate such a pattern of mlgration. In 

fact, no VOCs were detected in MW-2 or MW-5 (an upgradient, background well). 

Semi-volatile Organic Compounds 

The semi-volatile organic compounds were identified in all the media 

sampled on site. The semi-volatile organlc compounds, particularly the PAHs, 

are persistent in the environment due to their complex chemical nature. Some 

of the lighter PAHs (fewer aromatic rings) would be subject to biodegradation 

or volatilization, but the chemical persistence generally mcreases wlth 
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increasing' number of aromatic rings. Semi-volatile organic compounds are 

generally characterized by high boiling point, low vapor pressure, and low 

- solubility (except phenols) (Appendix G). 

The semi-volatile organic compounds will be divided into the following 

groups for discussion: polynuclear aromatic hydrocarbons (PAHs) and 

naphthalene, phenols, and phthalates. 

Polynuclear aromatic hydrocarbons (PAHs) were frequently detected in 

surface and subsurface soils on site. PAHs generally have a very low 

solubility (<4 .0  mg/l), whereas the solubility of naphthalene is greater (30 

mg/l). The KO, of PAHs is generally greater than 2,500 ml/g, with many values 

greater than 100,000 ml/g. This indicates that PAHs readily adsorb to organic 

carbon in soils. This accounts for the relative absence of PAHs from ground 

water samples, with the exception of 2-methylnaphthalene, acenaphthene, 

anthracene, naphthalene, phenanthrene and pyrene. The hlghest concentrations 

of naphthalene were detected in monitoring well MW-4. PAHs and naphthalene 

were not detected in ground water samples from momtoring wells MW-1, MW-2, or 

MW-5 (background), which indicates contaminants may not be migratmg in ground 

water at the northern end of the site. There is some indication that 

contamlnant migration may be occurring at this site based on contamlnant 

detection in MW-3 and MW-4. 

Phenols and phenol compounds are generally more soluble rn water than 

other semi-volatile organic compounds and display a relatively low volatility 

(the vapor pressure of phenol is less than the aromatic hydrocarbons but 

slightly greater than naphthalene: the Henry's Law Constant for phenol is much 

less than that of naphthalene). Based on the relatively low Koc and high 

solubility of phenols, they would not tend to adsorb to soils' organic matter; 

but would tend to leach from soil into ground water. Phenol and phenol 
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compounds were not detected in surface sol1 although phenol was detected 

infrequently (2/36) and at low concentrations in subsurface soll. The 

apparent absence of phenol compounds from soil may be due to thelr solubility 

(leaching potential) or to their biodegradability (Callahan, et a1 1979). 

Phenols were not detected in ground water. 

Phthalate compounds were reported in samples from all environmental media 

collected at the slte. It should be noted that phthalates are considered to 

be common laboratory contaminants and are widespread in the environment 

(ATSDR, 1987; ATSDR, 1989). The phthalate esters were found in subsurface 

soil samples at significant rates of detection (>5%). 

Phthalate esters generally occur ln association with other seml-volatlle 

organic compounds. They generally exhiblt low solubility and high KO,, and so 

would not be particularly amenable to water transport. Thls is somewhat 

consistent with the slte data whlch show the phthalates occur at greater 

concentrations in subsurface sol1 samples as compared to ground water. The 

only phthalate detected in ground water was bis(2-ethylhexy1)phthalate. whlch 

was detected in MW-3 (associated with oily subsurface soil) and thus may be 

indicative of migration off site. 

Pesticides and PCBs 

Pesticides and PCBs we re both detected in surface and subsurface so 

general, pesticides and PCBs have an affinity for organics in soils (e.g., KO, 

of DDT is 243,000 ml/g), which tends to render them rmmobile. In addition, 

many pesticides and PCBs are very persistent. 

Pesticides and PCBs at the site appear generally confined to solls. 

Pesticides (DDT, DDD and DDE) were noted in surface and subsurface sol1 

samples generally at low concentrations and were detected at a frequency 
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greater than 5%. Gamma-BHC was the only pesticide detected in ground water on 

site (detected in MW-4). Gamma-BHC was not detected in soils on site, and the 

- relatively low Koc (1080 ml/g) as compared to other pesticides such as DDT 

(KO, = 24,300 ml/g) suggests a greater mobllity in soils. 

PCBs are generally regarded to be a significant environmental problem 

because of their persistence and adverse health effects. However, because of 

the strong tendency of PCBs to adsorb to organic matter In soils, PCBs do not 

tend to migrate unless solvents or oils are present (Callahan et al, 1979). 

The PCB Aroclor-1260 was detected frequently in sol1 at concentrations up 

to 8.0 mg/kg (surface soil) and 27 mg/kg (subsurface soll). Aroclor-1254 was 

also detected frequently in subsurface soil with concentrations ranging up to 

1.9 mg/kg. Aroclor-1260 was also detected in ground water at MW-3 (located in 

area of oily subsurface soil) and MW-4. Pesticide/PCB data indlcate that 

these compounds may be migrating In ground water. 

3.3 Exposure Assessment 

3.3.1 Development of Exposure Scenarios 

The most critical aspect of a technically sound exposure assessment is 

the identification of exposure routes, together wlth the identification of 

human receptors. The Melvrlle North Landfill site is currently not in use. 

Access to the site is restricted by a gate and some fencing, although the 

fence does not extend along the length of the site. Signs are posted on the 

fence to indicate "Private Property, No Trespassrng and No Dumping." Based on 

these findlngs stemming from site visits and dlscusslons with field personnel, 

the following potential current human exposure scenarios were identified: 

Persons having access to the slte may be potential receptors as 
trespassers (especially chlldren playing on the slte). 
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Migration of contaminants 'into Narragansett Bay may result in 
shellfish contamination. Although fishing is restricted in the 
area of the Melville North landfill, the potential exists for 
exposure to contaminated shellfish. 

Several potential future exposure pathways exist at the slte, including: 

Construction of buildings on the site (i.e., development of the 
site into a cornrnercial/industria1 marina), presenting a potential 
for exposure of construction workers to site contaminants. 

Commercial/industrial use of the site, presenting a potentlal for 
exposure of ernployee6 to slte contaminants. 

Residential use of the site, presenting a potential for exposure 
of adults and children to site contaminants, including use of 
ground water as a potable drinking water source. EPA Region I 
requlres analysis of future residentlal use of the Melville North 
Landfill site. 

Each scenario includes a particular potential "receptor population", and a 

consideration of the pathways by whlch those receptors may encounter 

contaminants of concern. The values and assumptions used for each exposure 

scenario were prepared in keeping with generally accepted values In the 

discipline of risk assessment; the values are not based on a detailed 

time-activity studies. Speciflc assumptions and details for each exposure 

scenarlo are presented in Appendix B. 

3.3.2 Exposure Scenarios Addressed in the Health Assessment 

Scenario 1 - Current Use Scenarlo 

Appendix B of this report presents the model inputs for the exposure 

routes for children trespassing on the site. It 1s assumed that chlldren 

trespass onto the site on an infrequent basls, estimated to be approximately 

one day per year, that children are unlikely to enter the site on a regular 

basis before the age of 9 due to its dlstance from residences, and that 
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exposures are not expected beyond the age of 18 due to changes in the use of 

recreational time. 

7 

Play activities would be expected to result in dermal exposure to and 

incidental ingestion of surface soil. For dermal exposure, children are 

assumed to have exposed forearms, hands, feet and lower legs (EPA, 1989a). It 

is assumed that children older than 6 years will ingest 100 mg of soil per 

day, with 100% of that occurring on site. With regard to dermal and ingestion 

absorption factors, this assessment follows guidance provided by Region I 

(EPA, 1989a). Absorption factors are presented in Appendix B. 

Scenario 2 - Construction Scenario - Future Use 
In the future, construction workers may be lnvolved In buildlng a 

commercial/industria1 marina on the site. Appendlx B presents the model 

inputs for the exposure routes that construction workers involved in site 

development could potentlally encounter. Excavation and site preparation 

activities could cause workers to receive inhalation exposure to contaminants 

in dust, as well as dermal and ingestion exposures to contaminants in soil. 

It is assumed that workers are engaged in the construction of the marlna, with 

excavation and site preparation activities lasting for a 12-month period. It 

is also assumed that remediatlon of contaminants would not occur prior to 

construction. The inhalation rate is based upon workers undergoing moderate 

exertion, and dermal exposure is based upon exposed hands and feet (EPA, 

1989a). The soil ingestion rate is set at 480 mg/day (EPA, 1991). 

Scenario 3 - Cornrnercial/Industria1 Scenario - Future Use 
Appendix B presents the model inputs for the exposure routes that future 

employees of a commercial/industr~al facility on-site could potentlally 
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encounter. Such exposures are most likely to lnclude incidental ingestion and 

dermal exposure to contaminants in soll. It is assumed that employees would 

- be on site flve days/week, 25 weeks/year for twenty-five years (EPA, 1991). 

Scenario 4 - Residential Scenario: Children and Adults - Future Use 

A future use residentlal scenario was constructed to evaluate the posslble 

risks associated with residing on the site as it currently exists. 

Appendix B presents the model inputs for the exposure routes that children 

and adults who live on site might receive. Children, aged 0-6 years, and 

adults are modeled to receive exposures through soil/house dust ingestion, 

dermal contact with soil based upon exposed forearms, hands, feet and lower 

legs (EPA, 1989a), inhalation of contaminants In dust outdoors from wlnd 

erosion, inhalation of volatile organlc compounds released Into bathroom air 

during showermg, and ingestion of contamrnants in drinking water. These 

exposures are assumed to occur on 350 days/year over a 6 year period for 

children and 30 years for adults. Chlldren are assumed to ingest 750 ml water 

and 200 mg of soll/house dust per day, whlle for adults, these values are 2 

liters of water/day and 100 mg sorl/day. 

3.3.3 Estimating Environmental Concentrations 

All exposure point concentrations used In assessing receptor dose were 

calculated as specified in Supplemental Rlsk Assessment Guidance for the 

Superfund Program (EPA, 1989a). 

The contaminant concentratlon used in the evaluation of on-site health 

risk was calculated using the geometrlc mean method as specified by EPA Reglon 

I (EPA, 1989a). Because the majority of the data collected showed a log 

normal distribution, a geometrlc mean was calculated rather than an arithmetic 
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mean for all media on all sites in thrs risk assessment. The geometric mean 

value is typically somewhat lower than the arithmetic mean. However, the 

- exposures are calculated based upon the maximum concentration of an agent 

detected on-site, as well as for the geometric mean concentration. Therefore, 

the assessment encompasses the mean level of exposure and risk (average case) 

and also the upper bound (worst case). Calculation of a geometric mean is 

less conservative than an arithmetic mean, such that the use of a geometric 

mean and maximum provides lower and upper bounds on exposure point 

concentrations. 

As indicated in the data evaluation section, non-detect values were 

included in the calculation of exposure point concentrations e . ,  sol1 

concentrations) elther as one-half the SQL or as the SQL itself. These 

non-detected values include detection limits indicated by a "U" quallfler. In 

general, SQL's were evaluated in light of detection llmits and quantifiable 

("hlts") concentrations of each contaminant. SQLs were independently analyzed 

and they were incorporated into the quantitative analysis only in those cases 

in which the compound was detected in the matrlx under consideration or in 

related matrices. 

3 . 3 . 4  Evaluating Uncertainty 

Tables 3-1 through 3-3 summar lze contaminant concentrations in soil and 

ground water, both as a range of detection across the site and as the value 

used (either the mean or the maximum detected concentration) in the risk 

assessment. Table 3-4 provides a summary of ranges of detected contaminants 

across all media. 

Table 3-5 summarizes the assumptions used to estimate exposure (i.e., soil 

ingestion rate, exposure frequency, etc.). The exposure estimates produced 
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for each receptor in each scenario are based on numerous variables with 

varying degrees of uncertainty. This discussion will focus on these 

- parameters, and the associated range of uncertainty. Table 3-5 summarizes the 

parameters and values used to estimate exposure. The table is separated into 

those parameters which apply to all scenarios (i.e., global variables), and 

those which apply specifically to an individual scenario. 

Global Variables 

Table 3-5 lists the parameters and associated values which are used in 

each of the scenarios. Body weight ranges for children (age 9-18 years) were 

derived from EPA (1990b). The actual value used (49.2 kg) represents an 

average body weight for this group. Similarly, for children ages 0-6 and 

adults (18-65 years), a range of body weights is presented, along with the 

average body weight (14.5 kg and 70 kg, respectively) for the group. Whlle 

there is a range of body welghts for each age group, these ranges are not 

large, and are not expected to contribute a significant degree of uncertainty 

to this assessment. 

The exposure duration (ED) used for Scenario 1 was based on the assumption 

that children spend a duration of nine years at the slte. This ED is based 

upon the age range of children likely to trespass onto the site. In theory, 

this duration rnlght range from 1 to 18 years, however, it is unlikely that 

children younger than 9 years of age would visit the site. For Scenario 2, 

construction use, an ED equal to one year was used. In keeplng with future 

use of the site as a marina (Scenario 3), an ED of 25 years was chosen to 

reflect employee exposure. For Scenario 4, children ages 0-6 were expected to 

spend the entire six year time frame on site. ~ h j s  ED is the high end of the 

potential exposure range (1-6 years). Adults were assumed to have an ED equal 
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to 30 years, which is the national upper-bound (90th percentile) time at one 

residence. The ED range is 1-70 years, which spans the expected lifetime. 

The potential exposure ranges associated with ED are only large when 

considering adults. However, the ED values used are expected to provide 

conservative estimates and overstate the potentlal risk. 

Averaging time (AT), which is a pathway speclfic period of exposure for 

non-carcinogenic effects, calculated as a product of exposure duration and the 

number of days/year, is dependent on exposure duration, which was discussed 

above. AT is not expected to lend a large degree of uncertainty to the 

exposure estimates. 

The ranges of relative absorption factors (RAF) for organlc and inorganic 

compounds vary from no absorption ( 0 )  to complete absorption (1). This range 

is likely to contribute a large degree of uncertainty to the exposure 

estimates. The values chosen for RAF are taken from EPA (1989a) and are 

presented in Table 3-5 and Appendix B. 

The permeability constant (PC) for each chemical was assumed to be equal 

to the penetration rate of water, rather than a compound specific value. 

Thus, the PC may lend a degree of uncertainty in that some compounds will not 

readlly penetrate skln, while others will penetrate at a rapid rate. 

The soil contact rate (SCR) established by EPA Region I (EPA, 1989a) is 

based upon three parameters: sol1 deposition rate, skin surface area and 

percent (fraction) exposed. Each of these parameters contains some degree of 

uncertainty. Soil deposition rate (also known as sol1 adherence factor) may 

range up to 2.77 mg/cm2 for Kaolin clay (EPA, 1989). The value used by EPA 

Region I of 0.5 mg/cm2 was chosen as a reasonable estimate followmg a 

literature review (EPA, 1989a). Thus. a five fold difference exists between 

the actual value used and an upper bound estimate of adherence. Reglon I 
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guidance suggests the use of a skin surface area (SA) of 2,000 cm2, and is 

based on the SA of the hands, forearms, feet and lower legs of a young child 

or the hands and feet of an adult (EPA, 1989a). A large degree of uncertainty 

is associated with thls value, and is dependent on age and area exposed. For 

example, the 50th percentile total body SA for adult males 1s 19.400 cm2, 

while the 50th percentile SA for adult male hands is 820 cm2 (EPA, 1989). 

S A 

to 

for the percentage of 

factor is not likely 

Finally, a factor of 50% is applied to account 

actually covered with soil (EPA, 1989a). This 

contribute much uncertainty to the assessment. 

The fraction of soil ingested (FI) from the site ranges from 0-1. As a 

highly conservative estimate, and based on an event-based approach, it was 

assumed that all soil ingested came from the site. 

Finally, concentratlons of contaminants in all medla were presented as a 

geometric mean and as a maxlmum detected concentration. For some chemicals 

the range of potential concentratlons across the slte 1s very large, 

introducing a high degree of uncertainty to the exposure estimates. However, 

the exposure estimates are expected to over-predict rather than under-predlct, 

and therefore are protective of human health. 

8 Scenario 1 - Trespassing Exposure: Current Use 

The exposure frequency (EF; dayslyear) may range from 1 to 365, which may 

introduce the greatest degree of uncertainty. The value used (1 day per year) 

was based on the distance of the site from residences and information from 

field personnel that no trespassing activlties had been observed. Soil 

ingestion rate also presents a large range of values but the value used is not 

expected to introduce a large degree of uncertainty into the exposure estimate. 
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Scenario 2 - Construction Exposure: Future Use 

Of the parameters presented in Table 3-5, the modeled amblent dust 

concentration is expected to present the largest degree of uncertainty to the 

exposure estimates. Exposure point concentratlons available at the site 

include concentrations in soils and ground water. However, airborne 

concentrations of contaminants (i.e., volatilization, fugitive dusts) were not 

sampled during the field program and thus exposure point concentrations must 

be modeled. Names and citations for the transport models used to estimate 

exposure point concentrations from laboratory measurements of field samples 

are given in Appendix B. As a caveat, it is always more accurate to have data 

for exposure point concentrations in the medium of concern at the exposure 

point of concern, and the use of transport models represents a good faith 

attempt to estimate unknown values from known values. However, the use of the 

models does introduce uncertainty into the results. 

Scenario 3 - Commercial/Industr~a1 Exposure: Future Use 

Exposure frequency and soil ingestion rate are not expected to contribute 

a large degree of uncertainty to the exposure estimates. 

Scenario 4 - Residential Scenario: Future Use 
Of the parameters presented in Table 3-5, the modeling of ambient dust 

concentrations and indoor airborne vapor phase chemical concentrations are 

expected to present the largest degree of uncertainty. Exposure point 

concentrations available at the site include concentratlons in sol1 sediments 

and ground water. However, airborne concentrations of contaminants (i.e., 

volatilization, fugitive dusts) were not sampled during the field program and 

thus exposure point concentratlons must be modeled. Names and citations for 
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the transport models used to estimate exposure point concentrations from 

laboratory measurements of field samples are glven in Appendix B. As a 

caveat, it is always more accurate to have data for exposure polnt 

concentrations in the medium of concern at the exposure point of concern, and 

the use of transport models represents a good faith attempt to estlmate 

unknown values from known values. However, the use of the models does 

introduce uncertainty into the results. 

3.4 Toxicity Assessment 

Appendix F of this report presents a short description of the toxic 

effects of each chemical of concern, including a summary of the dose-response 

information pertinent to quantitative risk assessment, as available. 

Furthermore, Tables F-1 through F-4 present a summary of toxlclty values 

associated with chronic and subchronlc noncarclnogenlc effects, for the oral 

and inhalation routes, respectively. Tables F-5 and F-6 summarize the slope 

factors associated wlth potential carcinogenic effects of chemicals of concern 

by the oral and inhalation routes, respectively. 

3.5 Risk Characterization 

3.5.1 Quantitative Risk Assessment 

For potential carcinogens, risks are estimated as probabilities. The 

compound-specific potency factors for carcinogens are generally estimated 

through the use of mathematical extrapolation models (e.g., the linearized 

multistage model). These models estimate the largest posslble linear slope, 

within a 95% confidence interval, at low extrapolated doses. Thus, the 

potency factor is characterized as a 95% upperbound estimate, such that the 

true risk 1s not likely to exceed the upperbound estimate and may be lower. 
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The evaluation of risk from noncarcinogenic health hazards is based on the 

use of RfDs (EPA, 1990: EPA, 1989a). RfDs are estimates of daily exposure to 

- the population (including sensitive subpopulations) that are likely to be 

without appreciable risk of deleterious effects for the defined exposure 

period. The RfD is calculated by dividing the no adverse effect level (NOAEL) 

or lowest observed adverse effect level (LOAEL) derived from animal or human 

studies by an uncertainty factor, which is multiplied by a modifying factor. 

RfDs incorporate uncertainty factors which serve as a conservative downward 

adjustment of the numerical value and reflect scientific judgement regarding 

the data used to estimate the RfD. For example, a factor of 10 is used to 

account for variations in human sensitivity (i.., to protect sensitive 

subpopulations) when the data stems from human studies involving average, 

healthy subjects. An additional factor of 10 may also be used for each of the 

following: 

extrapolatlon from chronlc animal studies to humans, 

extrapolation from a LOAEL to a NOAEL, and 

extrapolatlon from subchronic to chronlc studles. 

Flnally, based on the level of certainty of the study and database, an 

additional modifying factor (between zero and ten) may be used. 

The results of the quantitative risk analysis are presented in two basic 

forms. In the case of human health effects associated with exposure to 

potential carcinogens, risk estimates are expressed as the lifetime 

probability of additional cancer risk associated with the given exposure. In 

numerical terms, these risk estimates are presented In scientlf ic notation in 

this report. Thus, a lifetime risk of 1E-04 means a lifetime incremental risk 
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of one in ten thousand; a lifetlme risk of 1E-06 means an incremental lifetime 

risk of one in one million and so on. 

In the cases of exposure to non-carcinogens, the Hazard Index Ratio is 

used. As noted in previous sections, the fundamental principles used to 

construct the RfD utilized in calculating the Hazard Index Ratio are 

predicated on long term or chronic (usually measured in years) exposures and 

health effects. However, the RfD used was either the RfD derived from chronic 

studies (RfDc) or the RfD which was derived from subchronic studies (RfDs). 

Wherever possible, the RfD was matched to the type of exposure (chronic vs 

subchronlc) such that in scenarios involving subchronic exposures (e.g., 

construction), the RfDs values were used, and In those scenarios involving 

chronic exposure (trespasser, commercial/industr~a1 use, residential use), the 

RfDc values were used. 

Cancer and non-cancer health risks are discussed below for trespasser 

(current use), construction (future use), commercial/industrial (future use) 

and residential (future use) scenarios. Within the residential scenario. the 

risks to children (0-6 years old), and adults are presented separately. In 

each case, daily doses of the compounds of concern have' been calculated for 

each exposure pathway modeled, and these doses were then used to calculate 

cancer risk levels and hazard index ratios. Cancer risk levels are the 

lifetime probability of excess cancer due to the exposure pathways resulting 

from use of the site. Cancer risk levels are derived by multiplymg exposure 

dose by the appropriate cancer slope factor for each compound and exposure 

route. Non-cancer health risk is quantitated by the hazard index ratio which 

is the ratio of the exposure dose to the RfD (both in mg/kg/day). The 

calculated level of cancer risk can be compared tb the acceptable total site 

risk range ((1E-04 to 1E-06) for evaluating the need for remediation, as 
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stated in the "National Oil and Hazardous Substances Pollution Contingency 

Plan, Final Rule" (EPA, 40 CFR Part 300, March 8, 1990), and in the Superfund 

- Human Health Evaluation Manual (1E-04 to 1E-07) (EPA, 1989). Regarding 

non-carcinogenic health hazards the Superfund Human Health Evaluation Manual 

(EPA, 1989) states that: 

"When the total hazard index for an exposed individual or group of 
individuals exceeds unity, there may be concern for potential 
non-cancer health effects." 

Thus, the cancer risk and hazard index ratios that constitute a concern are 

>1E-04 and >1E+00, respectively. Tables 3-6 through 3-13 summarize cancer 

risk levels and hazard index ratios for each scenario. 

Cancer risks and hazard index ratios are presented In subsequent sections 

for each scenario and pathway analyzed. These rlsk levels are presented as a 

range in which both the average case value (geometrlc mean chemical 

concentrations) and the worst case value (maximum concentration found on-slte) 

are provided. In certain cases, the geometric mean value may actually be 

greater than the maximum risk value because "U" data were included in the 

.geometric mean at one-half the SQL, but "U" data were not included in the 

formulation of maximum values. This is because it is Inappropriate for the 

maximum risk found on-site to be driven by non-detected values. The maximum 

values do include "UJ" qualified data at the full SQL. Thus, in those cases 

where a high SQL for a non-detect is greater than any of the detected levels, 

it is possible for the geometrlc mean risk to exceed the maximum risk. 

Scenario 1 - Trespassing (Current Use): Cancer Rlsks and Hazard Index Ratios 

Tables 3-6 and 3-7 summarize the cancer risks and hazard index ratios for 

all exposure pathways considered. Appendix B contains the tables which 
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present these risks on a chemical-by-chemical and pathway basis (Tables B.l-1 

through B.l-6). 

Exposure of children to contaminants while trespassing on-site is 

associated with a total cancer risk range of 3.3E-08 (average value) to 

6.2E-07 (maximum value) which is well below the acceptable risk range of 1E-06 

to 1E-04. The predominant factor contributing to this risk is incidental 

ingestion of arsenic and carcinogenic PAHs in soil. Dermal exposure to soils 

is not a significant factor in the risk estimate. 

Trespassing on site is associated with a total hazard index ratio range of 

2.3E-04 (average value) to 1.7E-03 (maximum value) whlch is below the target 

HI value of l.OE+OO. Incidental ingestion of soil is the predominant exposure 

pathway . 

Scenario 2 - Construction Use (Future Use): Cancer Risks and Hazard Index 
Ratlos 

Table 3-8 summarizes the cancer rlsks associated wlth chemicals and 

exposure pathways included in this scenario. Appendlx B (Tables B.2-1 through 

B.2-9) presents the exposure dose, cancer rlsk and hazard index ratio for all 

compounds and pathways. The total cancer risk range is 2.8E-06 (average 

value) to 3.53-05 (maximum value), which ,is within the acceptable risk range 

(1E-06 to 1E-04). Dermal contact wlth sol1 1s a minor component of this rlsk, 

while incidental ingestion of arsenic and PAH compounds in soil provides the 

primary contribution. Inhalation of dust-borne contammants does not 

appreciably contribute to the cancer risk estimate. 

Table 3-9 presents the hazard index ratlos for chemicals and exposure 

pathways. The total HI range is 3.5E-01 (average value) to 2.6E+01 (maximum 

value), which spans the level of concern for non-carcinogenic effects (target 

HI = 1E+00). Again, incidental ~ngestion'of sol1 (primarily antimony and 
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copper) creates most of the HI, while dermal exposure and inhalation of dust 

exposure pathways makes a considerably lower contribution. 

Cancer risk and HI levels are higher for construction workers than for 

receptors in the trespassing scenarlo because construction workers are exposed 

to subsurface soils which appear to be more heavily contaminated than surface 

soils, particularly for antimony. 

Scenario 3 - Commerc~al/Industrial Use (Future Use): Cancer Risks and Hazard 
Index Ratios 

Tables 3-10 and 3-11 summarize the cancer risks and hazard index ratios 

associated with future cornrnercial/industr~al use of the site. Appendix B 

(Tables B.3-1 through B.3-9) presents a chemical-by-chemical analysis of each 

exposure pathway and related dose, cancer risk and hazard index ratio 

estimates. 

Cancer risk estimates range from 1.7E-04 (average value) to 2.6E-04 

(maximum value) for future commercial/industrlal use of the site, whlch exceed 

the acceptable risk range of 1E-06 to 1E-04. Ingestlon of arsenlc, beryllium, 

1,l-dichloroethene and trlchloroethene in ground water 1s the predominant 

route of exposure. It is important to note that while slgniflcant rlsks were 

identified with the ingestion of 1.1-dichloroethene and trichloroethene, both 

compounds were identified in ground water only associated wlth qualified data 

(Table 3-4). Furthermore, ~t should be noted that ground water is not used as 

a potable drinklng water source in the area of the Melville North Landfill at 

this time. Incidental ingestion of contaminants in surface soil provides a 

soil minor component of risk (6.7E-06 to 8.1E-05) while dermal contact wlth 

was insignificant. 

The hazard index range associated with future commercial/lndustrlal u 

the site is 1.6Et00 (average value) to 2.5E+00 (maximum value). Ingestlon of 
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contaminants in drinking water (e.g., thallium, vanadium and zinc) was the 

primary contributing factor. A minor component of the total HI is incidental 

ingesfion of soil (2.OE-02 to 1.5E-01). Dermal exposure was insignificant. 

Scenario 4 - Residential Use (Future Use): Cancer Risks and Hazard Index Ratios 
Children 

Table 3-12 presents a summary of the cancer risks for compounds and 

exposure pathways associated with future residential use of the site. 

Appendix B (Tables B.4-1 through B.4-16) presents exposure doses, cancer risks 

and hazard index ratios for Scenario 4. The total cancer risk range for 

children residing on site is 3.4E-04 (average value) to 9.3E-04 (maximum 

value) which is above the acceptable risk range (1E-06 to 1E-04). The 

exposure pathways of most importance are: ingestion of arsenic and vinyl 

chloride in drinking water (associated with a risk of 2.6E-04); incidental 

ingestion of arsenic and PAHs in soil (5.4E-05 to 6.6E-04); and inhalation of 

(vapor phase) V K s  (1.8E-05 to 2.2E-05). It is important to note that while 

significant risks were identified with the ingestion of vinyl chloride, the 

compound was identified in ground water only in association with qualified 

data (Table 3-4). Furthermore, it should be noted that ground water is not 

used as a potable drinking water source in the area of the Melville North 

Landfill at this time and, based on the proximity of Narragansett Bay. the 

ground water could be brackish and unsuitable for use as potable water. 

Inhalation of fugitive dust and dermal exposure pathways do not make 

significant contributions. 

Table 3-13 presents the hazard index ratios for compounds and exposure 

pathways for Scenario 4. The total HI range for children is 2.8E+00 (average 

value) to 8.8E+00 (maximum value), which is above that which may constitute a 
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concern (>lE+OO). The most important component of the HI is ingestion of 

metals in drinking water. This pathway accounts for more than 70% of the 

-.ec 
total HI. Other pathways of concern are ingestion of chemicals in soil 

(3.3E-01 to 2.5E+00) and mhalation of vapor phase VOCs (7E-02 to 1.2E-01). 

Dermal exposure and inhalation of fugitive dusts has little impact on the 

hazard index ratio. 

Adults 

Table 3-12 presents the cancer risks for compounds and each exposure 

pathway for Scenario 4. The total cancer risk range for adults residing on 

site is 7.7E-04 (average value) to 1.OE-03 (maxlmum value), which is above the 

acceptable range (1E-06 to 1E-04). The major contributor to this rlsk is 

ingestion of arsenic and vlnyl chloride in ground water. Other pathways which 

contribute to the cancer risk are ingestion of arsenic and PAHs In soil 

(pathway rlsk = 2.23-05 to 2.7E-04) and Inhalation of vapor phase VOCs 

(1.9E-05 to 2.3E-05). No elevated cancer risk was caused by the inhalation of 

fugitive dusts or dermal contact with soll. 

Table 3-13 presents the hazard index ratios for compounds and exposure 

pathways associated with adults reslding on-slte. The total HI range for all 

pathways is 1.3E+00 (average value) to 3.7E+00 (maximum value), whlch is 

greater than the target value of 1E+00 for HI. Ingestion of inorganics in tap 

water accounted for the vast majority of the HI. No other exposure routes had 

elevated HI. 

Summary of Cancer and Non-Cancer Health Risks 

This site currently contains elevated levels of certain key toxicants, 

which are responsible for driving the risk assessment. The residential 
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scenario was associated with the greatest cancer risk and HI levels, due 

largely to the ingestion of ground water (as tap water) which was absent from 

Scenarios 1 and 2. Although Scenario 3 addressed ingestion of ground water, 

the reduced exposure duration and averaging tlmes (as compared to residential 

exposures) produced a lower risk value. Additionally, the continuous exposure 

to surface soils (particularly incidental ingestion) in the residential 

scenario (350 days/year) resulted in rlsks that are higher in thls scenarlo 

than in the others. Inhalation of VOCs from tap water was an additional 

source of excess risk not associated with Scenarios 1, 2 or 3. 

Elevated cancer risk estimates were predominantly associated with 

ingestion of ground water (specifically containing arsenlc and vlnyl 

chloride). Several issues should be discussed in light of the uncertainty 

associated with this pathway. Flrst, as lndlcated previously, vinyl chloride 

(a carcinogenic contaminant of concern) was identified in ground water only 

associated with qualified (UJ) data. Thus, vlnyl chlorlde was not actually 

detected on-site, and the uncertainty surrounding the sensitivity of the 

analytical test (the SQL) makes a major contrlbutlon to cancer risk from 

ground water. Second, arsenic levels in ground water on-site dld not appear 

to be elevated when compared to background (upgradlent) concentrations. This 

suggests a non-site-related source of excess rlsk. Thlrd, based on the 

proximity of the Melvllle North Landfill site to Narragansett Bay, the ground 

water could be brackish and unsuitable for use as potable water. Finally, 

ground water is not used as a potable source In the area of the site. 

Vinyl chloride is a group "A" carcinogen (human carcinogen), whose 

carcinogenic effects are seen following oral and inhalation exposure. The 

vinyl chloride oral slope factor is based upon the evidence of induction of 

lung tumors (ATSDR, 1988). Arsenlc 1s a group "A" carcinogen, whose 
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carcinogenic effects are most notable in the skin after oral absorption. 

While the arsenic oral slope factor for carcinogenic effects is based upon the 

evidence of human skin cancer, arsenic exposure by the oral route has also 

been associated with elevated cancer incidences in bladder, lung, liver, 

kidney and colon (EPA, 1991 - IRIS File). The carcinogenic potency of arsenic 

upon dermal exposure has not been quantitatively evaluated. Arsenlc also 

makes substantial contributions to hazard index ratios due to its potency in 

causing changes in skin (hyperpigmentation, keratosis) (EPA, 1990 - HEAST). 
Exposure to arsenic and PAHs in soil is also of primary importance in each 

scenario. Seven carcinogenlc PAH compounds, including benzo(a)pyrene, were 

detected on-site and included in the quantitative risk assessment. All were 

assigned the cancer slope factor derived for benzo(a)pyrene, which is among 

the most potent members of thls chemical class. Most carcinogenlc members of 

this class have been shown to induce skin cancer upon topical administration, 

whlle the more heavily studied agent, benzo(a)pyrene, has also been shown to 

cause lung and stomach tumors (ATSDR, 1990). The cumulative cancer risk 

associated wlth thls group of chemicals was smaller than arsenic, primarily 

due to their absence from ground water. Dermal cancer risk was not calculated 

because of uncertainty regarding the carcinogenic potency of the agents by the 

dermal route. However, glven the preponderance of evidence In rodents that 

these agents are carcinogenic by dermal exposure, it is likely that this 

analysis underestimates the cancer risk due to PAH compounds present in soil. 

However, the increase In cancer risk that could be associated with dermal 

exposure to PAHs is not likely to be as substantial as oral exposure since the 

dermal dosage to these agents was generally less than that received via oral 

exposure. 
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3.5.2 Qualitative Analysis of Risks 

Selected compounds (see Table 3-4) were addressed qualitatively rather 

than quantitatively because compounds were lacking cancer slope factors or RfD 

values. It is not possible to include these cases in the quantitative 

analysis, and instead, the posslble effect they could have on the assessment 

is discussed qualitatively. Few of the compounds missing reference toxicity 

values (either CPFs or RfDs) were not associated solely with data qualifiers 

("U1' or 'IUJ'I designations) (Table 3-4). These compounds include: 

Semi-Volatiles 
2-methyl naphthalene 

Volatile Organics 
benzene 
2-butanone 
chloroform 

Inorganics 
cadmum 
cobalt 
copper 
lead 
nickel 
thallium 

Pestlcldes/PCBs 
4,4'-DDD 
4,4'-DDE 
Aroclor - 1260 

Tentatively Identifled Compounds 

The potentlal impact associated with the omisslon of the compounds from 

the quantitative risk assessment is discussed below. 

Volatile Organics 

The chronic oral and inhalation RfDs for benzene have not been established 

and are pending review by an EPA work group (see Appendix F). Benzene was 

detected at a range of 0.006 - 0.32 mg/kg in subsurface soil and 3 - 49 ug/l 
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in ground water. Detection of benzene in surface soil consisted of trace 

concentrations (0.006 - 0.008 mg/kg) associated with data validators (Table 

3-4). Because of the uncertainty associated with the toxicity of benzene, and 

its detection in subsurface soil and ground water, it is suggested that the 

absence of this compound may have an impact on the quantitative assessment. 

The chronic oral RfD for 2-butanone was estimated from a subchronic 

inhalation study (see Appendix F). Thus, the oral RfD was used for comparison 

purposes to estimate the impact of inhalation exposures to 2-butanone. 

Inhalation exposures (for example, see Appendix B) are not likely to exceed 

the subchronic oral RfD, such that the lack of a quantitative assessment of 

lnhalation risk due to 2-butanone is not likely to be significant. 

A risk assessment to establish a chronic lnhalation RfD for chloroform is 

under review by an EPA work group (see Appendix F). Chloroform was detected 

at trace concentrations in soil and ground water. Furthermore, data for 

subsurface soil and ground water is entirely qualified. Based on these 

considerations, and low resulting exposure doses, the absence of chloroform 

from the quantitative assessment is not likely to be of concern. 

Inorganics 

An inhalation RfD is not available for cadmium (see Appendix F). 

Inhalation of cadmium has been shown to produce cancers at the route of entry, 

suggesting an oral to inhalation route extrapolation may not be practical. 

Based on the uncertainty surrounding the toxicity of inhaled cadmium, it 

should be noted that the lack of a quantitative assessment may contribute to 

an underestimate of risk. However. cadmlum levels in surface soil were not 

elevated and there was only one subsurface location where cadmium was elevated 

(33 mg/kg, B-9). Cadmium has been addressed quantitatively for carcinogenic 
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effects by the route of inhalation, and exposure doses and risks associated 

with the inhalation of fugitive dust have not been shown to be significant in 
- 

this assessment. 

Cobalt is an essential component of vitamin B12, which is required for the 

production of red blood cells. No RfDs were found for cobalt (see Appendix 

F). Concentrations of cobalt in soil are not unusually high (Tables 3-1 and 

3-2). The maximum detected concentration of cobalt in soil was sllghtly 

higher than the reported range for U.S. background. Furthermore, cobalt 

levels in ground water did not exceed the level found in an upgradient well. 

Due to a lack of a trend of elevated cobalt concentrations, omission from the 

quantitative assessment is not likely to be of concern. 

An inhalation RfD for copper 1s not available from EPA (see Appendix F). 

The range of detection of copper in sol1 appears to be significantly elevated 

in subsurface soil with concentrations ranging up to 24,400 mg/kg. This 

suggests some concern for construction workers evaluated in Scenarlo 2. 

Because copper has been shown to cause local G.I. irritation following 

ingestion, it is not practical to extrapolate from the oral route to the 

inhalation route of exposure. Thus, the contribution of copper to health 

risks is uncertain. However, it should be noted that doses and risks 

associated with fugitive dusts are very low. 

The EPA weight of evidence for the carcinogenicity of lead is "B2" - a 

probable human carcinogen: however, a quantitative risk estimate has not been 

provided (see Appendix F). Lead concentrations in soil appear to be elevated 

(10.2 - 400.5 mg/kg in surface soil and 1.0 - 6,920 mg/kg In subsurface 

soil). In general, lead concentrations in ground water appear to be elevated 

over upgradient concentrations (Table 3-3). Based on the apparently elevated 
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concentrations of lead in environmental media, some degree of concern over the 

lack of quantitative cancer risk is noted. 

There are no oral or inhalation RfDs for nickel at this time (see 

Appendix F). The range of detection of nickel in soil is 4.5 - 427 mglkg 

(Table 3-4), which is below the reported U.S. background range. An RfD of 

1E-02 mg/kg/day has been derived in order to calculate a lifetime health 

advisory for nickel (EPA, 1987a). Comparison of this RfD to oral doses 

received during current or future use of the site indicates that the omission 

of nickel from the quantitative risk assessment is not likely to understate 

risk. 

An inhalation RfD is not available for thallium at this time (see 

Appendix F). The chronic oral RFD is 7E-05 mg/kg/day. Thallium 

concentrations in soil do not appear to be elevated (Tables 3-1 and 3-2), and, 

in combination with generally low doses and risks associated with inhalation 

of fugitive dusts, omission from the risk assessment is not likely to be of 

concern . 

Pesticides/PCBs 

No RfDs were found for 4,4'-DDD or 4,4'-DDE. Despite the structural 

similarity between these agents and 4,4'-DDT, two issues prevent the use of 

the RfD for DDT. First, tox~cological studies suggest that target organ 

effects may not be similar for DDD and DDE as compared to DDT. Second, 

phannacokinetic properties do not appear to be similar. DDD was detected 

infrequently and at low (trace) concentrations in sol1 (-0.005 mg/kg). DDE 

levels were somewhat higher (0.002-0.13 mg/kg) but no malor impacts in soil 

were found. Thus, some uncertainty exists due to the omlssion of DDD and DDE 

in the quantitative risk analysis, but this uncertainty is not great. 
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No RfDs were found for Aroclor-1260 (see Appendix F). Little 

non-carcinogenic effects data is available for PCBs. Although PCBs are 

- addressed quantitatively in the cancer risk assessment, the potential for 

uncertainty related to non-carcinogenic effects is high, and omission from the 

risk assessment may be of concern. 

Tentatively Identified Compounds (TICs) 

TICs are not quantitatively addressed because thelr chemlcal identities 

were poorly characterized. In the vast majority of samples, the TICs are 

listed as "unknown hydrocarbons" or simply "unknown". In the few isolated 

cases where a speclfic chemical is listed as a TIC, the levels are generally 

low (<1 mg/kg). Total TIC levels per soil sample range up to 400 mg/kg, but 

without a better indication of the contaminants whlch comprise the TIC 

listing, no qualitative or quantitative assessment can be made. 

3.5.3 Uncertainty Assessment 

Site-Speclfic Uncertainty Factors 

The scenarios developed for the site include exposures resulting from 

probable current use by trespassers and potentla1 future use of the site as a 

commercial/industrial or residential area. The risks associated with these 

scenarios are conditional on these land uses occurring. Observations made 

during field investigations lndicate that activities such as trespassing have 

not occurred on the site, although specific information is not available. 

Thus, the uncertainty associated with the exposure duration for Scenario 1 may 

be large, and may contribute significantly to an overestimation of risk. 

Current zoning for the site is commercial/industrial, although there is some 

small potential for the site to be used residentially. More likely, the site 
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will be used as a marina, and evldence suggests that this is the most 

realistic future case scenario. Thls uncertainty in future use of the site as 

a residential area adds a degree of uncertainty to the risks associated with 

Scenario 4 .  

Additional uncertainty in the risk characterization may stem from 

exclusion of chemicals in the quantitative risk assessment. Chemicals which 

were not included in the quantitative risk assessment were excluded due to 

either lack of quantitation in the chemical analysis or as a consequence of 

missing toxicity data. 

Any chemicals expected to contribute a significant uncertainty to the 

assessment of rlsk were addressed qualitatively. Briefly, the exclusion of 

compounds with missing R f D  values, primarily benzene and Aroclor-1260, may 

underestimate the cumulative hazard index ratio, whlle the omlssion of lead 

may underestimate the cancer risk estimate. 

Chemicals not included in the analysls because they were not detected 

on-site are not expected to introduce a large degree of uncertainty into the 

risk estimates. Chemicals not detected on-slte were omitted from the analysls 

on the basis that the sample locations include the most contaminated portlons 

of the site. There is uncertainty with regards to the amount of sampling that 

would be required to verify that the chemlcal concentratlons used truly 

represent the geometric mean and maximum values. 

Table 3-14 summarizes the exposure pathways considered for the rlsk 

assessment, and reasons for exclusion or inclusion. Current ingestion of 

ground water was not addressed as no wells are currently used as potable water 

sources. 

Two models were used to characterize exposure point concentrations. The 

first, a model used to estimate concentrations of chemicals in fugitive dust, 
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was taken from AP-42 (EPA, 1988) (see Appendix B). The key model assumptions 

include the time frame during which the construction on site is likely to take 

place and the use of a yearly average wind speed. The potential impact of - 
these assumptions will be to underestimate risk if construction occurs for a 

longer period of time than originally estimated, or if daily wind speeds 

exceed the annual average wind speed. The second model, volatilization of 

chemicals during home use of ground water (i.e., showering) (see Appendix B) 

was taken from Andelman (1985). A key assumption for this model is likely to 

include the fraction of contaminant volatilized, which is assumed to be 0.9 

(90%). This assumption 1s likely to overpredict, rather than underpredict, 

risk. 

As indicated previously, the primary routes of exposure for Scenarios 1 

and 2 are incidental ingestion of soll, while ingestion of ground water 1s the 

primary route of exposure for Scenarios 3 and 4. Slte data gaps whlch 

resulted In the use of conservative assumptions for Scenario 1 include the 

frequency with which nearby residents trespass on the slte. Similarly, the 

exposure duration for construction workers (1 year) was based on a 

conservative assumptlon. such that the risk estimate may be overestimated. 

Finally, risks associated with ingestion of ground water rely on the 90th 

percentile ingestion rate (2 l/day-adults, 0.75 l/day-children), and thls may 

drive the risk estimate for this pathway. 

Some significant uncertainties exist in the data used for this site. In 

all cases these uncertainties are likely to overestimate, rather than 

underestimate, the risk. 

A few examples of data uncertainties include: 

Chemicals detected infrequently In all media were assumed to occur 
across the site at an average or maximum detected concentration. 
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"UJ" data (i.e., resulting from matrix effects) were included in 
calculations of the geometric mean and they were considered as 
potential locations of contamination. Inclusion of these data in 
the quantitative assessment introduced a conservative trend in the 
results. 

"U" data (non-detect values) were included as one-half the SQL, 
used in calculation of the average, and considered as potential 
locations of contamination. 

Uncertainty Surrounding Cancer and Non-Cancer Rlsks 

For the risk estimation of cancer and of chronic non-cancer health 

effects, risks from all exposure pathways and for all chemicals have been 

summated to yield the total site risk for a given receptor. This is a 

conservative approach, since, in general, different chemicals do not have the 

same target organ or mechanism of action. Thus, their toxic effects may be, 

at least in some cases, independent and not additive. Further, chemicals may 

antagonize one another through competition for enzymes and binding sites, and 

by inhibition of pathways needed for chemical transport (absorption, cellular 

uptake, etc.) or metabolic activation. However, it is also possible that 

certain chemicals can be synergistic such as is the case when a promotor-type 

carcinogen greatly enhances the expression of genetic damage induced by a low 

dose of an initiator. The uncertamties surrounding these possibilities are 

discussed below for chemicals found on-site. 

Cancer Risks 

Elevated PAH levels in surface soil at two locations (SS-1 and SS-6) 

created high exposures and cancer risks from soil ingestion under worst case 

(site maximum values used) conditions. However, the risks associated with the 

geometric mean PAH levels (average case) were approximately 20 fold below that 

for the worst case, indicating the large differences in exposure and risk that 

can occur at different locations on-site. Thls non-uniform distribution of 
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contammation creates uncertainty in terms of the level of exposure receptors 

would reasonably receive to PAHs. While it is posslble that extensive 

exposure would occur at the maxlmum points of contamination, it appears more 

likely that the geometric mean exposure and rlsk is more representative. 

However, 5 of 15 surface soil locations had levels of certain PAHs over 1,000 

ug/kg. Since the full geographic extent of these loci of contamination are 

not known, it is posslble that, under certain conditions of site use, rlsks 

approaching the worst case level could occur. 

Arsenic also made substantial contributions to cancer risk from soil 

ingestion. However, arsenic levels in on-slte surface soils were falrly 
/ 

uniform and they were not unusual for non-impacted soils. The one exception 

was SS-11 (23 mg/kg). However, even using thls one apparently elevated polnt 

to represent on-site surface soils, cancer risks for arsenlc exposure In soil 

(worst case) were 15E-05. Therefore, thls does not appear to be a hlgh level 

of uncertainty regarding the conclusion that arsenic In on-site solls 1s not a 

major risk factor. 

Interactions between carcinogens present at thls slte may both lead to 

enhanced and dimlnished carcinogenic responses. Arsenlc and PAHs were 

responsible for elevations in cancer rlsk on-slte. Arsenlc is at most only 

weakly mutagenic, but its carcinogenic effects appear to be mediated through 

clastogenic effects (ATSDR, 1989). Arsenic-lnduced chromosomal damage may be 

due to an impairment of DNA replication or repair, and this effect could 

facilitate the genotoxic effects of other agents (ATSDR, 1989). Arsenic has 

been shown to greatly Increase the mutagenic effects of dlrect-acting agents 

such as UV radiation, and alkylating agents. Further, arsenic appears to 

increase the productlon of lung tumors caused by benzo(a)pyrene, and 1s 

generally considered to have promotional activity (ATSDR, 1989). The target 
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organ for arsenic's effects after oral ingestion (inhalation of arsenic is not 

a major concern at this site) is primarily the skin, but elevations in 

bladder, liver and lung cancer in humans exposed orally to arsenlc have also 
- 

been reported (EPA, 1991 - IRIS File; ATSDR, 1989). Therefore, it appears 

that arsenic might be able to enhance the carcinogenic action of other 

genotoxic agents at a variety of target sites. 

Of the carcinogens of concern found on-site, only the group of PAH 

compounds can be classified as being genotoxic. Like arsenlc, the PAH 

compounds exert genotoxic and carcinogenic effects in skin and at internal 

organs (ATSDR, 1990). The finding that arsenic can enhance lung tumor 

production by benzo(a)pyrene (ATSDR, 1989) supports the concept that a 

synergistic action is possible, particularly since arsenic and PAH compounds 

are found together in soil. Since the skin 1s an important target site for 

both the PAH compounds and arsenic, the synergistic effect might be most 

probable in the skin. Exposure to the skin may occur both dlrectly by dermal 

contact, and after ingestion of soil or drinking water. 

There is evidence that arsenic's toxic, cytogenetlc, and carcinogenic 

effects can be antagonized by selenium, posslbly through an interaction at the 

level of biliary excretion (ATSDR, 1989). 

The carcinogenic PAH compounds are considered to, in general, act 

similarly with respect to mechanism of action and target organ. However, as a 

mixture their effects may not be strictly additive due to the potential for 

co-carcinogenic and antagonistic effects (ATSDR, 1990). These effects appear 

to be mediated primarily through interference with each other's metabolism - 

either activation or detoxification, and by inducing, activating or 

detoxifying enzymes. The difference between antagonism, synergism and 

additivity of carcinogenic effects appears to depend upon the tlming of the 
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dosage of the different PAHs, the ratio of the different agents administered, 

and the exact agents involved (Baird, 1984; Slaga, 1979; Van Duren, 1976). 

These factors are too complex to allow prediction of the likely outcome from 

the interaction of PAH compounds at this site. However, this factor does 

introduce uncertainty in the calculation of cancer risks. 

Other carcinogens included in the quantitative assessment are beryllium, 

1,l-dichloroethene, trichloroethene, vlnyl chloride and benzene. All four 

compounds contributed to cancer risk because of exposure to ground water 

(bathing, ingestion). 

Beryllium is classified as a B2 carcinogen and has been shown to produce 

skin tumors upon oral exposure. Berylllurn was detected in most monitoring 

wells and so its presence on-site is not in doubt. However, its levels in 

on-site ground water were not materially different from that in the upgradient 

reference well. Therefore, the cancer risks related to beryllium ingestion do 

not appear to be due to conditions speclfic to this slte. 

The cancer risks from vlnyl chloride, 1,l-dichloroethene, and 

trichloroethene in ground water may be overestimated in the current assessment 

since they were identified In ground water only associated with UJ qualified 

data, and thus they were not positively detected on-slte. However, benzene is 

the sole carcinogenic VOC actually detected In ground water on-slte (3 of 5 

locations, range = 3-49 ug/l). Therefore, if ground water were used as 

potable water, then benzene exposures should occur via inhalation (offgassing 

from bath water) and via ingestion. The oral cancer slope factor for benzene 

1s based upon a dose route extrapolation of the inhalation slope factor 

derived from human epidemiological studies. Slnce the primary target organ 

for benzene carcinogenesis is systemic (hematopoietic system rather than local 

to the portal of entry), it is possible that switching dose routes will not 
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greatly affect the carcinogenic potency. However, factors that affect 

compound delivery to target cells after oral exposure (e.g., first pass 

effects in the liver) could affect the inhalation vs oral potency comparison, 
- 

and thus the risk from oral exposure. Slnce benzene was not a major 

contributor to cancer risk from ground water, it does not appear that this 

uncertainty is of primary importance. 

The uncertainty surrounding the possibility for ground water use as 

potable water is an important consideration because a large portion of the 

cancer risk was associated with this pathway. As noted previously, ground 

water use at this site is not anticipated due to the likely brackish nature of 

this water source. Therefore, the most important source of cancer risk on 

this slte may be from surface soil contamination In which PAHs are prevalent. 

Non-Cancer Effects 

A variety of potential toxicant interactions affectmg non-cancer health 

effects are possible for the chemicals found on-site. The lncldental 

ingestion of sol1 (containing primarily antimony and copper) 1s a major 

contributor to HI at the Melville North Landflll site. Whlle antimony has 

been responsible for changes in blood glucose and serum cholesterol levels and 

longevity, copper ingestion causes local gastrointestinal ~rritatlon. The 

ingestion of several chemicals in drinking water (arsenic, mercury, thallium) 

is also responsible for elevations in the hazard lndex ratio on-slte. Arsenic 

has been linked to keratosis and hyperpigmentation following oral exposure. 

Mercury can produce renal degeneration following prolonged oral exposure and 

neurological disturbances following inhalation of mercury vapors (EPA, 1984). 

Thallium has been shown to produce alopecia and elevated SGOT and SGPT levels 

following oral exposure. 
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Under certain conditions, these agents were individually sufficient to 

elevate the HI above the threshold of concern (e.g., Scenario 2, worst case - 

antimony and copper HI values were each greater than 1E+00). However, in 

other cases (e.g., Scenario 3, worst case; Scenarlo 4, average and worst 

case), the HI was elevated not due to any slngle agent but due to the 

summation of HI values across several agents. As discussed above, these 

agents have differing target organs, and thus it may not be appropriate to 

combine these HI values. 

Uncertainties In The Derivation of Toxlcity Values 

In numerous cases in which a toxicity value was available for one exposure 

route but not another, a dose route extrapolation was performed. These 

extrapolations were utilized to go between the oral and inhalation routes of 

exposure if the toxic/carcinogenic effects were systemlc rather than local. 

The compounds for which thls was done are noted in Appendix F. The oral-to- 

inhalation dose route extrapolation can underestimate potency from inhalation 

exposure if the chemical 1s irritating, insoluble, slowly absorbed or hlghly 

reactive. Under these conditions, the dose to speclfic lung reglons may be 

greater than that to the G.I. tract or internal organs, creatlng the 

possibility that the lung would be at greater rlsk. At this site, this 

possibility is greatest for the oral-to-inhalation extrapolation of RfD values 

for the metals arsenic, beryllium, nickel and zinc. However, inhalatlon of 

these metals was due to the dust inhalation pathway which was a mlnor exposure 

route. Therefore, underestimation of toxicity values for inhalatlon exposure 

should not have a large effect on the outcome of thls risk assessment. 

A form of dose route extrapolation was the use of oral toxicity values for 

dermal exposure. This extrapolation was utilized for all compounds except PAH 
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compounds, whose potential for dermal effects was discussed. Slmilar to the 

case for PAH compounds, the toxicologic effects of arsenic may be greater by 

- the dermal route of exposure. Arsenlc produces primarily dermal toxicity and 

carcinogenesis after oral absorption. Since arsenic 1s readlly excreted, it 

is likely that the amount of arsenic reaching the skin and accumulating there 

is considerably lower after oral compared to dermal exposure (ATSDR, 1989). 

Thus, the effectiveness of a dermal dose of arsenic may be considerably 

greater than an oral dose. A correction factor was not used for dermal RfDs 

and slope factors (EPA, Region I) and thus does not take into account the 

difference between absorbed vs exposure doses in oral vs dermal data. In 

general, the oral toxicity values are based upon an exposure dose, while the 

dermal doses for the modeled pathways are In terms of absorbed dose. This 

lack of an adjustment to the RfDs and slope factors results in a less 

conservative estimate of risk for some compounds. 

Assignment of the benzo(a)pyrene cancer slope factors to other 

carcinogenic PAH compounds likely creates a considerable overestimate of 

risk. Benzo(a)pyrene is one of the most potent PAH compounds, and of the 

others on-site, only dibenzo(a)anthracene has a similar carcinogenic potency 

(Rugen, 1989; Clement, 1987; EPA, 1985). Chrysene's potency appears to be 

-200 fold below that for benzo(a)pyrene. The data upon which these relative 

potency estimates are based are taken from primarily dermal studies in which 

the development of skin tumors was studied. The degree of uncertainty in 

extrapolating these results to the oral route of exposure in order to adjust 

the oral slope factor is not known. However, these data are applicable to 

considerations of the cancer risk from dermal exposure. The overestimation 

created by using the benzo(a)pyrene slope factor as a surrogate for the other 

PAH compounds partially offsets the possible underestimation of risk from 
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dermal exposure caused by not adequately characterizing the dermal exposure 

dose to arsenic and PAH compounds, as described above. 

e The use of the RfD for naphthalene for all PAHs not currently assigned an 

RfD is a conservative approach recommended by EPA, Region I (EPA. 1989). 

Naphthalene's chemical and physical properties are unlike the group of PAHs, 

suggesting the existence of uncertainty in use of the toxicity values for 

naphthalene. 
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4.0 OLD FIRE FIGHTING TRAINING AREA - SITE 09 
The Old Fire Fighting Training Area is located on Coasters Harbor Island 

in Narragansett Bay. The site is bordered by Taylor Drive to the east and 

Narragansett Bay to the west. Currently, the site is used for multiple 

purposes including a baseball field, the Teddy Colbert Child Care Center and a 

picnic/playground recreation area. 

4.1 Identification of Chemicals of Potential Concern 

4.1.1 Data Collection 

Previous geotechnical investigations at the Old Fire Fighting Tralning 

Area (conducted by others) had identified subsurface contamination. as 

characterized by the presence of oily soils. A soil gas survey and 

geophysical survey were conducted prior to initiation of sampling activities. 

The soil gas results indicated the presence of volatile organlc compounds in 

the soil gas in an area northwest of the chlld care center and in the western 

portion of the site, in the area of a soil mound. Proposed rnonltoring well 

locations were adjusted to further investigate these areas. 

Six surface soil samples were collected from on-slte locations which 

represented potential areas of concern with respect to human exposure ( e . g . ,  

child care center, baseball field, park) and from other areas whlch would 

provide an indication of the areal extent of surface soil contamination (e.g., 

soil mounds. shoreline). It is believed that much of the slte was covered by 

fill prior to development of its current site use. 

Seven test borings and five well borings were also advanced at various 

locations throughout the site. One to three samples were generally collected 

from each boring, depending on the presence of visible contamination and depth 
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to ground water. Soil borings encountered subsurface buildlng demolition-type 

debris, oil-stained soils, and hydrocarbon odors. 

Four on-site monitoring wells and one off-site, upgradient monitoring well 

were sampled in July 1990. Strong petroleum odors and a sheen were present in 

two on-site wells (MW-2 and MW-3), while a light petroleum odor was observed 

in a third on-site well (MW-4). 

4.1.2 Data Evaluation 

As detailed in the R I  report, the site was used as a fire fighting 

training facility from World War I1 to 1972 and exhibits contamination which 

may be characteristic of materials used in fire training exercises. Fleld 

studies have revealed the presence of numerous organic and inorganic 

contaminants in the surface and subsurface soils and ground water. 

In order to organize the data into a form manageable and appropriate for 

the baseline risk assessment the following steps were followed during the data 

evaluation process as described by EPA (1989) and EPA (1989a): 

1) Gather and sort all data by medlum (i.e. surface soll, subsurface 
sorl and ground water), and determine the spatial distrlbutlon of 
detects and non-detects: 

2) Evaluate methods of analysis; 

3) Evaluate the sample quantltatlon llmits; 

4) Evaluate the data qualifiers and codes; 

5 )  Evaluate blank data: 

6) Evaluate tentatively identified compounds (TIC'S); 

7) Evaluate background data: 

8) Develop data sets by medium; and 

9) Develop a set of chemicals of potential concern from the entire 
data set. 
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Briefly, the specific methods used for Site 09 include the following, 

which correlate with the previously described steps. 

1) All analytical data was initially sorted by media (surface soll, 
subsurface soil and ground water). Near shore oil samples were 
included in the analysis of surface soil data. Surface water 
sampled (e.g. Narragansett Bay) were not collected in Phase I. 
Distribution of detects and non-detects was determined such that 
segregation of contaminated areas could be made when applicable: 

2) A n  evaluation of analytical methods was not considered to be 
necessary as all data used was analyzed by EPA's Superfund 
Contract Laboratory Program (CLP) procedures; 

3) Unusually high sample quantitation limits (SQL's) were not 
commonly reported in any of the matrices analyzed. This 
indicates that in most cases, matrix or chemical interferences In 
the analytical determinatlons did not cause a loss of sensitivity 
at this slte. One-half of the SQL was used for a non-detectable 
reading if there was evldeice that the chemical 1s present in 
that medium. However, for non-detects where lt appeared more 
likely that the chemical could be present at a value greater than 
1/2 the SQL, the entire SQL was used. The decislon to use the 
full SQL or 1/2 the SQL was based upon extent and degree of 
contamination within each medium and potential for migration 
between medla. If a chemical was not detected In a slngle 
medium, transport and fate information was used to determine if 
its presence in related media should dlctate that it be Included 
in the analysis of thls apparently non-impacted medlum: 

Data validation qualifiers were assessed durlng the data 
evaluation process. As Indicated in EPA guldance (EPA, 1989 and 
1989a), data qualified with U, J or UJ quallflers were used in 
the quantitative risk assessment when appropriate. Chemlcal data 
qualified with a "U" (not detected) was used as one half the 
SQL. Non-detect values were not ignored based on the presence of 
"hits" withln the same media or uncertalnty associated with 
analysis (i.e., "UJ" quallfled data): 

Field and laboratory blanks were used to segregate actual site 
contamination from cross contamination from field or laboratory 
procedures. As indicated in EPA (1989) sample results were 
considered positive only if concentrations exceeded ten times the 
concentration of a common laboratory contaminant in a blank, or 
five times the concentration of a chemlcal that 1s not considered 
a common laboratory contaminant; 

6) Tentatively identified compounds (TICs) were reported In soil 
samples across the site. TICs ranged from a few unknowns at low 
concentrations (<lo0 pg/kg) to many TICs each at elevated 
concentratlons (up to 70 mglkg). Due to the uncertalnty 
associated wlth the quantitative and qualitative nature of these 
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TICS, a quantitative assessment of rlsk associated with exposure 
was not included in this assessment: 

7) Background sampling locations were not identified for surface 
soils at the Old Fire Fighting Tralning Area. National 
background levels (i.e., naturally occurring levels) were used as 
a screening method to evaluate non-slte related chemicals or 
commonly encountered, naturally occurrlng chemicals. Borlng B-5 
was considered as an on-site background sampllng locatlon for 
subsurface soil. Thus, comparisons of subsurface soil data to 
site-related and U.S. background levels was made. Monitoring 
well MW-5 was located upgradlent of the site and was used as a 
reference for site-related contamination of ground water; and 

8) Tables 4-1 through 4-3 provide the chemicals and concentrations 
sampled in surface soils, subsurface solls and ground water, 
respectively. Table 4-4 provides a summary of chemicals of 
potential concern in each media. 

4.1.3 Summary of Surface Sol1 Data 

Table 4-1 presents a summary of the analytical data associated with 

chemicals detected ln surface soil, organized by class including semi-volatile 

organics, volatile organics, inorganlcs and pesticides/PCBs. Each class of 

chemicals is discussed in detall below. 

Inorganlcs 

Of the inorganlcs analyzed (twenty-four in all), only cyanlde was not 

detected at any of the six locations on slte. Inorganics detected 

infrequently (1/6) include antimony, cadmium, mercury, selenium, sllver and 

thallium. SQL's for inorganlcs were not unusually high, thus, mean 

calculations were not adjusted based on the exclusion of "UJ" data. 

Comparisons to U.S. background (naturally occurrlng) levels (see Table 4-11 

indicate a general trend of elevated concentrations of antimony, arsenlc, 

cadmium, cobalt, copper, lead, mercury, and zinc in surface soll. 
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Volatile Organlcs 

Only two volatile organic compounds were detected in surface soll. 

Chloromethane was detected at flve out of six locatlons at trace levels (1.e. 

at or near the SQL) while tetrachloroethene was detected once at a 

concentration lower than the SQL. No naturally occurring levels were 

available for comparison wlth on-site concentrations of VOCs in surface soils. 

Semi-volatile Organics 

Of the slxty-five semi-volatile organlcs analyzed for ln surface sol1 and 

listed in Table 4-1, only one compound (bls(2-ch1oroethoxy)methane) was not 

detected at any of the six sampllng locatlons. Polycycllc aromatic 

hydrocarbons (PAHs) detected at all slx sampllng locatlons (6/6) include 

benzo(a)anthracene, benzo(a)pyrene. benzo(b)fluoranthene, chrysene, 

fluoranthene, phenanthrene and pyrene. The concentrations of these PAHs 

ranged from below the sample quantitatlon limlt (73 pg/kg for fluoranthene at 

SS-5) to 8,000 pg/kg (for fluoranthene at SS-6). Other PAHs which were 

detected frequently include benzo(k)fluoranthene (5/6) and benzo(a1pyrene 

(5/6). All other PAHs were detected at a frequency of 316 or less. 

With the exception of dl-n-butylphthalate (3/6), phthalate esters were not 

detected in surface soils at a frequency greater than 2/6. Concentrations of 

phthalate esters range from 500 pg/kg to 520 pg/kg, which 1s hlgher than the 

contract required quantitation llmit (CRQL) but wlthln the range of sample 

quantitation limits (SQL's) for surface soll. Unusually high SQL's occurred 

occasionally ln surface sol1 samples, particularly ln sol1 sample number 6 

(SS-6) which did not have obvious visual contamlnatlon. On-slte background 

concentrations for seml-volatile organics in surface sol1 were not available. 
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Pesticides/PCBs 

Only the pesticides 4,4'-DDE and 4,4'-DDT were detected on site, each at a 

frequency of 5/6. The range of detected concentrations was low, with detected 

concentrations either equal to or below the SQL. Aroclor-1254 was the only 

PCB detected and was found only once in six samples at a concentration below 

the SQL. 

4.1.4 Summary of Subsurface Soil Data 

Table 4-2 presents a summary of the analytical data associated wlth 

chemicals detected in subsurface soil, organized by class, including 

semi-volatile organics, volatlle organics, inorganics and pesticides/PCBs. 

Each class is discussed In detall as follows. Depths to twelve feet were used 

In the risk assessment based on potential site uses. 

Inorganlcs 

Of the inorganlcs analyzed, only cyanlde was not detected at any of the 

fifteen sampling locations. Most inorganics were detected at a frequency of 

13/15 or higher (see Table 4-2). Exceptions include antimony (7/15), cadmium 

(6/15), mercury (2/15), selenlum (9/15) and sllver (5/15). Compar~sons to 

background levels (see Table 4-2) Indicated elevated concentrations of 

antimony, cadmium. cobalt, copper, lead, manganese. nickel and zinc in 

subsurface soil. 

Volatile Organics 

Of the volatile organics (VOCs) detected, only four VOCs were detected as 

frequently as 4/17 locations; all other VOCs were detected less frequently. 

These frequently detected compounds lnclude 2-hexanone, chloromethane. 
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ethylbenzene and xylenes. Comparison to background levels lndicate a general 

trend of elevated concentrations of these four VOC's. However, it is 

- important to note that the concentrations of these organlcs were low, and were 

within the range of the SQL. Of the remaining VOCs, only 2-butanone 

concentrations (detected at two locations) appeared to be elevated. exceeding 

the SQL by 1 to 2 orders of magnitude. 

Semi-Volatlle Organics 

Of the sixty-five semi-volatile organics listed in Table 4-2 for 

subsurface soil, two were not detected at any of the seventeen (17) sample 

locations on-site. Furthermore, one compound was detected only once and 

thirty-nine compounds were detected only twlce. Of these forty Infrequently 

detected compounds, all were detected at low concentratlons (l.e., close to or 

less than the detection limit). Comparisons to background concentratlons 

indicated that these seml-volatlle compound concentratlons are not elevated. 

Pyrene, phenanthrene and fluoranthene were the most frequently detected 

compounds (16/17, 14/17 and 14/17, respectively), with a range of detection 

from 57 pg/kg to 4,900 yg/kg. Anthracene, benzo(a)anthracene and chrysene 

were each detected at 11 out of 17 locations. Comparison of these frequently 

detected PAHs to background concentratlons indicated a general trend of 

elevated PAH concentrations in subsurface samples. 

Unusually hlgh SQL's occurred occasionally in subsurface soil samples, 

particularly in boring sample B-2, with SQLs up to 43,000 pg/kg for phenollc 

compounds. No visual contammation was noted in thls sample. 

Pesticides/PCBs 

No pesticides or PCBs were detected in subsurface soil at any locatlon 

on-site. 
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4.1.5 Sununary of Monitor Well Data 

Table 4-3 presents a summary of the analytical data associated with 

compounds detected in a single round of ground water monitoring. Each class 

of chemicals is discussed in detail below, with the exception of 

pesticides/PCBs, which were not detected at any of the five locations. 

Inorganics 

Antimony, selenium, silver and vanadium were not detected at any ground 

water monitoring location. Inorganlcs detected at a frequency less than 100% 

include beryllium ( 1 5 )  cadmium ( 5  cyanide ( 5  mercury ( 2 1 5 )  and 

nickel (2/5). Those inorganlcs whose mean concentrations exceeded on-slte 

background concentrations Include arsenlc, barlum, chromium, copper. lead, 

mercury, and zinc. 

Volatile Organics 

Chloroform was the most frequently detected volatile organlc compound 

(VOC) in ground water (3/5). Acetone and methylene chloride, both common 

laboratory contaminants, were not detected at any of the flve sampllng 

locatlons. All other VOCs were detected at two locatlons, although all 

detections were qualified as "UJ" data. Concentrations of V K s  In ground 

water are low, that is, near or below the SQL, although the range of detectlon 

limits tended to exceed on-site background levels. 

Semi-volatile Organlcs 

Acenaphthene, dibenzofuran and fluorene were detected most frequently 

(3/5), although detected concentratlons were near or below detectlon limlts. 

Comparison to on-site background data lndlcated elevated concentratlons of 

acenaphthene and fluorene. Seml-volatlles not detected lncluded phenolic 
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compounds (2-methylphenol, 2-nitrophenol, 2,4-drchlorophenol, 

2.4-dimethylphenol, 4-chloro-3-methyl-phenol, 4-methylphenol and phenol) and 

benzoic acid. All other seml-volatlle organics were detected one or two tunes 

out of five possible locations. In general, data were qualified as "UJ" or 

"J" and did not contain many clear "hits". Detected or estimated 

concentrations were low (in general, at or below SQL and background 

concentrations). Comparison of semi-volatile contamination to background 

concentrations (MW-5) suggests elevated concentrations of acenaphthene. 

pentachlorophenol, phenanthrene and pyrene in MW-2. 

4.1.6 Selection of Contaminants of Concern 

Table 4-4 presents a summary of contaminants In all medla sampled (as a 

range of detection). Chemicals carried through the quant~tatlve rlsk 

assessment are marked with a slngle asterlsk ( * )  to the rlght of the chemlcal 

name. Chemicals discussed In the qualltatlve rlsk assessment are marked with 

two asterisks ( * * )  to the rlght of the chemical name. Those chemicals 

addressed both quantltatlvely and qualitatively are marked with three 

asterisks ( * * * ) .  Chemicals detected on slte and assoclated completely wlth 

data qualifiers ("U" or "UJ" designations) are noted accordingly. Flnally, 

contaminants of concern for this slte are labeled In Table 4-4. 

Chemicals of potentlal concern were selected from Tables 4-1 through 4-3 

based upon their presence In a matrix and thelr potentlal to produce toxlc 

effects. All chemicals positively identified in a matrix are included as 

chemicals of concern, and the assoclated risks are quantitated ~f cancer 

potency factors and RfD values are available. If these are unavailable, then 

the chemical's potential to produce adverse health impacts is considered for 

qualitative assessment. 
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Chemicals of potential concern are also those with "UJ" qualified data 

because of the uncertainty surrounding the SQL and thus the sensitlvlty of the 

- analysis. Much of this uncertainty is removed if "UJ" data are the rare 

exception rather than the rule for a chemical, and there are no other sampling 

locations where the chemical was detected in that matrix. Further, if the 

reported SQL is not unusually hlgh and if there are not a prior1 reasons to 

suspect that the "UJ" data are in a contaminated zone (e.g., other "hlts" in 

the matrlx, site history, v~sual/odorous indicators), then it is appropriate 

to treat the data point as not detected and thus exclude it from the 

quantitative risk assessment. 

Some of the chemicals of potential concern listed In Table 4-4 were 

selected because of "UJ" data. The number of samples collected in each matrlx 

was not always large, and thus there is low confidence that the one or several 

"UJ" samples represent clear evidence of chemlcal absence in that matrlx. 

Chemicals of potential concern solely because of "UJ" data were included In 

the risk assessment only if they are carcinogens. Thus, the uncertainty 

surrounding the "US" data is handled by lncluslon of these data in the 

quantitative risk assessment for carcinogens. In cases where "UJ" data are 

included In the quantltatlve assessment, the SQL (not one-half the SQL) was 

used because of the probability that the SQL was underestlmated In these 

samples. 

4.2 Contaminant Fate and Transport 

This section of the risk assessment evaluates the fate and transport of 

contaminants associated with the site and provides an indlcatlon of future 

contaminant movement. Sectlon 4.1 outlines the occurrence of contamination 

across the site in surface soll, subsurface soil, and ground water. Observed 
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contamination consists mainly of: numerous inorganics and polycyclic aromatlc 

hydrocarbons (PAHs) in the surface soils: inorganics and PAHs in subsurface 

soils; and VOCs, semi-volatiles, and inorganics in the ground water. 

4.2.1 Potential Routes of Migration 

The contaminant concentration used in the evaluation of on-site health 

risk was calculated using the geometric mean method as specified by EPA Region 

I (1989a). Because the majority of the data collected showed a log normal 

distribution, a geometric mean was calculated rather than an arithmetic mean 

for all medla on all sites in thrs risk assessment. 

To determine the fate of contaminants of potentlal concern at the slte, 

information on the physical/chemlcal and environmental fate properties was 

collected for site contaminants. Thls information is presented In Appendix G 

for selected contaminants of concern. Several of the environmental medla 

studied have the potential for off-site migration, prlmarily surface soils and 

ground water. Subsurface soils are not likely to be at risk of transport 

off-site unless exposed by excavation. Although the subsurface soils contain 

several chemicals of concern, the mode of transport of the chemicals would be 

prlmarily through leaching and ground water transport. 

Contaminants in surface solls can migrate or be carried from the slte by 

surface runoff (resulting from preclpitatlon), In the form of fine 

particulates sorbed to windblown dust, and by users of the slte via vehicle 

tires, shoes, etc. In addition, contaminants can move from the surface soils 

(leaving the soils In place) through leaching by infiltration of precipitation 

and transport by ground water, and volatilization to amblent alr. Finally, 

transport of contaminants to plants or anlmals which may potentially be 

consumed by humans is a possible route of migration. 
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The sampling results have demonstrated that ground water has been lmpacted 

by the slte. The ground water investigations lndicate that the ground water 

flows to the north/northwest (toward Narragansett Bay). Ground water is not 

used as a drinking water source in the vicinlty of the slte. 

4.2.2 Contaminant Distribution and Observed Migration 

The following section examines the contamlnant presence across the site, 

(also discussed in Section 4.1), In combination with the migration pathways, 

to provide an understanding of contaminant persistence and migration at the 

site. The discussions below are presented with respect to individual 

contaminants or contaminant groups. Contaminants observed in the 

environmental samples collected from the site Include volatile organlc 

compounds, seml-volatlle organlc compounds, PCBs, pestlcldes, and lnorganlcs. 

Inorganic Analytes 

Many metals have an afflnlty for solls (particularly clay particles and 

organic matter ln solls) whlch reduce thelr mobility. Under extremes of pH, 

some metals can be rendered moblle. The presence of the lnorganlc analytes, 

particularly the naturally occurring elements, must be examined in the context 

of natural background concentratlons, as presented In Table 4-1. The analytes 

whlch appeared elevated above US background surface soil levels in one or more 

samples are: antimony, arsenic, cadmium, cobalt, copper, lead, mercury and 

zinc. The analytes which appeared elevated above background In subsurface 

soil samples include antimony, cadmium, cobalt, copper, lead, manganese, 

nickel, and zinc. 

Many inorganics were widespread in on-site ground water samples. 

suggesting migration has occurred from soils. Comparisons of lnorganlc 
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concentrations in ground water on-site to upgradient concentrations indlcate 

that a general trend of elevated concentrations occurs for arsenic, barlum. 

chromium, copper, lead, mercury and zinc (Table 4-3). In order to examine the 

potential migration of inorganlcs off-site, data from monltor wells MW-2 and 

MW-4 were compared to on-slte ground water contamlnatlon trends. 

Concentrations of numerous inorganics appeared elevated in MW-2 and/or MW-4, 

suggesting movement of these analytes in the ground water. 

Volatile Organic Compounds 

Only two volatile organic compounds (VOCs) were detected In surface soils 

on-site (chloromethane and tetrachloroethene). Both were detected at very low 

concentrations (at or below the SQL). Volatile organic compounds were 

detected infrequently in subsurface soil (generally at a frequency of 1/17 to 

4/17) and at low (trace) concentrations (I 10 ug/kg). VOCs were detected In 

monitorrng wells, but were present prlmarlly at low concentrations and 

qualified as non-detected or estimated concentrations at or near the SQL. 

The principal mechanism for the natural removal of aromatlc VOCs 1s 

through volatilization (EPA, 1979). Vapor pressures ( @  approximately 20°c) of 

the VOC's of concern range from 3.8 mm Hg (2-hexanone) to 1011 mm Hg 

(chloromethane) and Henry's Law Constant range from 1.49 x atm-m3/mol 

(4-methyl-2-pentanone) to 1.1 x atm-m /mol (chlorornethane) (see 

Appendlx G for physical/chemical and environmental fate properties). The role 

of biodegradation in the natural attenuation of these compounds is compound 

specific. Ranges of half lives of VOCs In surface water tend to be short (1-2 

weeks) with a few exceptions. Srmilarly the role of adsorption is compound 

specific (e.g., acetone has little tendency to be retained by soils): the 

amount adsorbed is highly related to the amount of organlc carbon in the sol1 
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and is represented numerically by the organlc carbodwater partition 

coefficient (Koc). The compounds with hlgher Koc values (e.g. ethylbenzene) 

- 
would be preferably partitioned to organic matter in soils and thus would be 

less likely to be leached from the soils and transported to the ground water. 

Some aromatic hydrocarbons are highly mobile. Benzene, for example, has a 

moderate solubility (1750 mg/l), low KO, (83 ml/g) and short half life (1-6 

days in surface water). Therefore, benzene, because of its tendency to 

volatilize and biodegrade, would be mobile but would not be expected to be 

very persistent In the environment. Conversely, xylenes, with their lower 

solubilities (198 mg/l) and higher KO, (240 ml/g), would not be as mobile as 

benzene, but would be more persistent In the environment as they tend to sorb 

to soil particles. 

Many VOCs were present In two of the five ground water samples. although 

VOCs were generally detected at low concentrations in ground water samples. 

The chemical/physical and environmental fate data indlcate that these 

hydrocarbons would be expected to migrate downward in soils to ground water. 

Comparison of VOC presence In MFI-2, but not MW-4 (wells whlch may be 

Indicative of off-slte mlgratlon) to other slte-related wells lndlcates some 

movement of VOCs In the ground water towards Narragansett Bay. 

Subsurface soils contained many VOCs detected infrequently and at low 

concentrations. Primarily the subsurface soils were contaminated wlth 

2-hexanone, chloromethane, ethylbenzene and xylenes, each detected at 4/17 

locations. These contaminants have low Koc values and are soluble in water. 

These properties suggest that both compounds are likely to leach downward 

through soils to the ground water. Based on the mobility and water solubility 

of these VOCs and historic use of the slte, lt 1s not unusual that increasing 

patterns of detection were found In subsurface solls. 

NAVAL EDUCATION AND 
TRAINING CENTER 



Semi-volatile Organics 

The semi-volatile organics were ldentrfied in all the media sampled on 

- site. The semi-volatile compounds, particularly the PAHs, are persistent in 

the environment due to thelr complex chemical nature. Some of the lrghter 

PAHs (fewer aromatic rings) would be subject to biodegradation or 

volatilization, but the chemical persistence generally increases with 

increasing number of aromatlc rings. Semi-volatile organic compounds are 

generally characterized by hlgh boiling point, low vapor pressure, and low 

solubility (except phenols). 

The semi-volatile organic compounds will be divlded into the following 

groups for discussion: polynuclear aromatlc hydrocarbons (PAHs) and 

naphthalene, phenols, and phthalates. 

Polynuclear aromatic hydrocarbons (PAHs) were frequently detected in 

surface and subsurface soils on slte. PAHs generally have a very low 

solubility (<4.0 mg/l), whereas the solubility of naphthalene is sllghtly 

greater (30 mg/l). The KO, values of PAHs are generally greater than 2,500 

ml/g, with many greater than 100,000 ml/g. Thls Indicates that PAHs readlly 

adsorb to organic carbon in solls, and would account for a low detection 

frequency and low concentration of PAHs In ground water samples. PAHs were 

detected in monitoring well MW-2, whlch 1s a downgradient well and this result 

may indicate off-site contaminant migration In ground water. Conversely, this 

pattern was not well established in MW-4, an additional well used to indicate 

contaminant migration. 

Phenols and phenol compounds are generally more soluble In water than 

other semi-volatile organlc compounds and dlsplay a relatively low volatility 

(the vapor pressure of phenol is less than the aromatic hydrocarbons but 

slightly greater than naphthalene; the Henry's Law Constant for phenol 1s much 
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less than that of naphthalene). Based on the relatively low Koc and high 

solubility of phenols, they would not tend to adsorb to soils' organic matter, 

but would tend to leach from soil into ground water. Phenol and phenol 

compounds were detected at a frequency of 2/6 locations In surface soil and 

2/17 in subsurface soil, with the exception of phenol which was detected at a 

frequency greater of 5/17 in subsurface soil. 

Phenols were detected infrequently and at trace concentrations ln ground 

water. Analytical data for phenols was estimated, and therefore, associated 

with data qualifiers. Phenols do not appear to be migrating off-site at this 

tlme, and concentrations do not appear to exceed upgradient levels. 

Phthalate compounds were reported in samples from all environmental media 

collected at the site. It should be noted that phthalates are considered to 

be common laboratory contaminants and are widespread In the environment 

(ATSDR, 1987; ATSDR, 1989). Di-n-butylphthalate was the most frequently 

detected phthalate ester In surface sol1 (3/6). All phthalate esters were 

detected infrequently in subsurface soll, with detectlon frequencies ranglng 

from 1/17 to 2/17. Concentrations of phthalate esters In surface and 

subsurface soil are very low, that rs, generally less than the SQL. 

Phthalate esters generally occur in association wlth other seml-volatile 

organic compounds. They generally exhiblt low solublllty and hlgh KO,, and so 

would not be particularly amenable to water transport. This is somewhat 

consistent with the site data whlch show the phthalates occur at greater 

concentrations in soil samples as compared to ground water. N*: All data 

associated with detectlon of phthalate esters was qualified durrng data 

validation. 
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Pesticides and PCBs 

Pesticides and PCBs were both detected in surface soil, while neither were 

- detected ln subsurface soil. In general, pesticides and PCBs have an affinity 

for organics in soils (e.g., KO, of DDT is 243,000 ml/g), whlch tends to 

render them immobile. In addltion, many pesticides and PCBs are very 

persistent. 

Pesticides and PCBs at the slte appear generally conflned to soils. 

Pesticides/PCBs (DDE, DDT and Aroclor-1254) were noted In surface soil samples 

generally at low concentratlons. No pesticides or PCBs were detected In 

ground water. 

PCBs are generally regarded to be a slgniflcant environmental problem 

because of thelr persistence and adverse health effects. However, because of 

the strong tendency of PCBs to adsorb to organlc matter in soils, PCBs do not 

tend to migrate unless solvents or oils are present (Callahan et al, 1979). 

4.3 Exposure Assessment 

4.3.1 Development of Exposure Scenarios 

The most crltical aspect of a technically sound exposure assessment 1s 

the ldentiflcatlon of exposure routes, together with the identlficatlon of 

human receptors. The Old Fire Fighting Tralning Area 1s currently used for 

recreational and child daycare purposes. The slte contalns a ballfleld, 

plcnlc tables, recreational equipment e . ,  swings, etc.) and the Teddy 

Colbert Child Care Center. Access to the base on which the Old Flre Flghtlng 

Training Area 1s located is restricted at a centrally located entrance by a 

guard, such that the site is not open to the public. Based on these findlngs 

stemming from site visits and discussions with field investigators, EPA 
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Region I personnel, and NETC personnel, the following potentlal current human * exposure scenarios were identified: 

Children having access to the site ( e . ,  Navy personnel 
dependents) may be potential receptors, lncludlng those being 
cared for at the Teddy Colbert Chlld Care Center and those 
visiting the site for recreational purposes. 

Adults having access to the site ( i t  Navy personnel) may be 
potential receptors, Including those using the site for 
recreational purposes or working at the Chlld Care Center. 

The ground water on slte is not currently used as a potable 
drinking water source. However, contaminants may be plcked up 
beneath the site and flow towards Narragansett Bay, resulting in 
shellfish contaminatlon and a potential future exposure through 
ingestion. 

Several potential future exposure pathways exist at the site, including: 

Construction of buildings on the site (1.. , development of a 
commerc~al/industria1 srte), presenting a potentlal for exposure 
of construction workers to site contaminants. 

Comrnerc~al/industrial use of the site, presentlng potential 
exposure of employees to site contaminatlon. 

Residential use of the site, presentlng a potential for exposure 
of adults and children to slte contaminants, including use of 
ground water as a potable drinklng water source. EPA Reglon I 
requires analysis of future residential use of the Old Fire 
Fighting Training Area site. 

Each scenario includes a particular potential "receptor populatlon". and a 

consideration of the pathways by which those receptors may encounter 

contaminants of concern. The values and assumptions used for each exposure 

scenario were prepared in keeping with generally accepted values in the 

discipline of risk assessment; the values are not based on a detalled 

time-activity studies. Specific assumptions and details for each exposure 

scenario are presented in Appendix C. 
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4.3.2 Exposure Scenarios Addressed rn the Health Assessment 

Scenarlo 1 - Chlld Care Center (Current) 
Appendrx C of this report presents the model inputs for the exposure 

routes that use of the Teddy Colbert Child Care Center on the site could 

potentially create. It is assumed that children 1 to 5 years old are cared 

for at the facility for five years at 250 days/year (parameter values for 0-6 

year old children were chosen to represent these receptors). 

Exposure to surface soils are expected to occur within a fenced area 

adjacent to the daycare building. Exposures are expected to include dermal 

exposure to soil and incidental ingestion of soil. With regard to dermal and 

ingestion absorption factors, this assessment follows guldance provided by EPA 

(1989a). Absorption factors are presented in Appendix C. 

Scenario 2 - Recreational Use Scenarlo (Current) 

Areas of the site are currently used for recreation by Navy personnel and 

contaln a playground, pavlllon and plcnic area. These areas are llkely to 

receive heavy weekend use durlng summer months. As a result, chlldren are 

expected to recelve dermal and ingestion exposure to contaminants In soll. 

Appendix C presents the model inputs for the exposure routes associated with 

children playmg on-site. It is assumed that children of Navy personnel may 

use the site as a recreation area up to 33 days per year, whlch accounts for 

two days per week in the summer and less frequent visits the remainder of the 

year. Additionally, on days In which chlldren play on slte, lt is assumed 

that all soil ingestion (100 mg) for that day occurs on slte. Chlldren are 

likely to enter the site on a regular basls between the ages of 6-18 years. 

Regular exposures of this nature are not expected beyond the age of 18 years 

because of changes In the use of recreational time. Play actlvlties are 

NAVAL EDUCATION AND 
TRAINING CENTER 



expected to involve contact with surface soil. For dermal exposures, children 

are assumed to have exposed arms, hands and legs, and dermal penetration of 

- contaminants in sol1 was modeled as presented ln Appendlx C. Absorption of 

soil contaminants after ingestlon is also presented in Appendix C. 

Scenario 3 - Construction Scenarlo (Future) 

Appendix C presents the model inputs for the exposure routes that 

construction workers involved In site development could potentially 

encounter. Excavation and site preparation activltles could cause workers to 

recelve inhalation exposure to contaminants In dust, as well as dermal and 

ingestlon exposures to contamlnants In soll. It 1s assumed that workers are 

engaged in the constructlon of a commerclal/industrial site, wlth excavation 

and slte preparation activities lasting for a one year perlod. It 1s also 

assumed that remediation of contamlnants would not occur prlor to constructlon 

or prior to the occupation of the commerclal/lndustrial slte. The lnhalatlon 

rate is based upon workers undergoing moderate exertion. The sol1 lngestlon 

rate is set at 480 mg/day (EPA, 1991). 

Scenarlo 4 - Commercial/Industria1 Use Scenarlo (Future) 

Future use of the site for commercial/industrial purposes presents a 

potential exposure of employees to slte contamlnatlon. Such exposures are 

most likely to include lncldental rngestion and dermal exposure to 

contaminants in soil and ingestion of contaminants in drinklng water. Workers 

are assumed to spend 250 dayslyear on-slte for 25 years. Appendix C presents 

detailed exposure models and assumptions for the future commerclal/industrlal 

use scenario. 
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Scenario 5 - Residential Scenario: Children and Adult (Future) 

A future use residential scenario was constructed to evaluate the posslble 

risks associated with resldlng on the site as it currently exists. 

Appendix C presents the model inputs for the exposure routes that children 

and adults who live on site might receive. Children, aged 0-6 years, and 

adults are modeled to receive exposures through soil/house dust ~ngestion, 

dermal contact with soll, lnhalatlon of contaminants in dust outdoors from 

wind erosion, inhalation of volatlle organic compounds released into bathroom 

air during showering, and ingestion of contaminants in drinklng water. These 

exposures are assumed to occur on 350 days/year for 6 years for children and 

30 years for adults. Chlldren are assumed to ingest 750 ml water and 200 mg 

of soil/house dust per day, while for adults, these values are 2 liters of 

water/day and 100 mg soil/day. 

4.3.3 Estimating Environmental Concentrations 

All exposure polnt concentrations used in assessing receptor dose were 

calculated as speclfled In Supplemental Rlsk Assessment Guldance for the 

Superfund Program (EPA, 1989a). 

The contaminant concentratlon used in the evaluation of on-slte health 

risk was calculated using the geometric mean method as specifled by EPA Reglon 

I (EPA, 1989a). Because the majority of the data collected showed a log 

normal distribution, a geometric mean was calculated rather than an arithmetlc 

mean for all media on all sites in this risk assessment. The geometric mean 

value is typically somewhat lower than the arithmetlc mean. However, the 

exposures are calculated based upon the maxlmum concentratlon of an agent 

detected on-site, as well as for the geometric mean concentration. Therefore, 

the assessment encompasses the mean level of exposure and risk (average case) 
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and also the upper bound (worst case). Calculation of a geometrlc mean 1s 

less conservative than an arithmetic mean, such that the use of a geometrlc 

- mean and maximum provides lower and upper bounds on exposure point 

concentrations. 

As indicated in the data evaluation section, non-detect values were 

included in the calculation of exposure point concentrations e sol1 

concentrations) either as one-half the SQL or as the SQL itself. These 

non-detected values include detection llmits indicated by a "U" qualifier. In 

general, SQL's were evaluated in light of detection limlts and quantifiable 

("hits") concentrations of each contaminant. SQLs were independently analyzed 

and they were incorporated into the quantitative analysis only in those cases 

In which the compound was detected in the matrlx under conslderatlon or In 

related matrices. 

4.3.4 Evaluating Uncertainty 

Tables 4-1 through 4-3 summarize contaminant concentrations In sol1 and 

ground water both as a range of detection across the slte and as the value 

used (the geometric mean and the maximum detected concentration) In the risk 

assessment. Table 4-4 provldes a summary of ranges of detected contaminants 

across all medla. Table 4-5 summarizes the assumptions used to estlmate 

exposure (i.e., soil Ingestion rate, exposure frequency, etc.). 

The exposure estimates produced for each receptor in each scenario are 

based on numerous variables with varylng degrees of uncertainty. This 

discussion wlll focus on these parameters, and the associated range of 

uncertainty. Table 4-5 summarizes the parameters and values used to estlmate 

exposure. The table is separated into those parameters whlch apply to all 

scenarios (l.e., global variables), and those whlch apply specifically to an * individual scenario. 
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Global Variables 

Table 4-5 lists the parameters and associated values which are used in 

- each of the scenarios. Body weight ranges for children (age 0-18 years) were 

taken from EPA (1991). For each scenario, the actual body welght value used 

represents the average of the welghted means for age group. For chlldren ages 

0-6 and 6-18, the body weight values were calculated to be 14.5 and 43.2 kg, 

respectively. For adults (18-65 years), a range of body weights is presented, 

along with the average (70 kg). In each case the ranges are not large and are 

not expected to contribute a significant degree of uncertainty to this 

assessment. 

The exposure duration (ED) used for Scenario 1 (chlldren) includes a 

duration of five years, based upon the age range of children at the daycare 

facility. In theory, this duration could have a broader range, however, the 

facility has restricted access areas for this 1-5 year old age group. For 

Scenario 2, chlldren ages 6-18 were expected to play on the site based on the 

current use of the site as a recreational area. The ED value used is the hlgh 

end of the proposed range (6-18 years). For Scenarlo 3, constructlon workers 

were assumed to have an ED equal to one year, whlch 1s the tlme frame expected 

to encompass construction projects. For Scenarlo 4, cornrnercial/industr~al 

employees were expected to spend 25 years on-site, which 1s representative of 

the amount of time expected for employment at one location. For Scenarlo 5 

(residentla1 use), adults were assumed to have an ED equal to 30 years, whlch 

is the national upper-bound (90th percentile) tlme at one residence. The ED 

range is 1-70 years, whlch spans the expected llfetlme. 

The values used for ED are expected to provide conservative estimates and 

overstate the potential risk. 
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Averaging time (AT) which is a pathway specific period of exposure for 

non-carcinogenic effects (calculated as a product of exposure duration and the 

- number of days/year;) is dependent on exposure duration, which was discussed 

above. AT is not expected to lend a large degree of uncertainty to the 

exposure estimates. 

The potential ranges of dermal, Ingestion and inhalation relative 

absorption factors (RAE) for organic and inorganic compounds vary from no 

absorption (0) to complete absorption (1). Table 4-5 presents the actual RAF 

used for each route and class of compound. This range is likely to contribute 

a large degree of uncertalnty to the exposure estimates. The values chosen 

for RAF are representative of classes of compounds. 

The permeability constant (PC) for each chemlcal was assumed to be equal 

to the penetration rate of water, rather than on a compound speclfic basis. 

Thus, PC may lend a degree of uncertainty In that some compounds will not 

readily penetrate skin, while others will penetrate at a rapid rate. 

The soil contact rate (SCR) established by EPA Region I (EPA. 1989a) is 

based upon three parameters: soil deposition rate, skln surface area and 

percent (fraction) exposed. Each of these parameters contalns some degree of 

uncertainty. Soil deposition rate (also known as sol1 adherence factor) may 

range up to 2.77 mg/cm2 for Kaolln clay (EPA, 1989). The value used by EPA 

Region I of 0.5 mg/cm2 was chosen as a reasonable estlmate following a 

literature renew (EPA, 1989a). Thus, a flve-fold difference exists between 

the actual value used and an upper bound estimate of adherence. Region I 

guidance suggests the use of a skin surface area (SA) of 2,000 cm2, and 1s 

based on the SA of the hands, forearms, feet and lower legs of a young chlld 

or the hands and feet of an adult (EPA, 1989a). A large degree of uncertalnty 

is associated with this value, and is dependent on age and area exposed. For 
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example, the 50th percentile total body SA for adult males is 19.400 cm2, 

while the 50th percentile SA for adult male hands is 820 cm2 (EPA, 1989). 

- Finally, a factor of 50% 1s applied to account for the percentage of SA 

actually covered with soil (EPA, l989a). This factor 1s not likely to 

contribute much uncertainty to the assessment. 

The fraction of soil ingested (FI) from the site ranges from 0-1. As a 

highly conservative estimate, and based on an event-based approach, it was 

assumed that all soil ingested came from the site. 

Concentrations of contaminants In all media were presented as a mean and 

as a maxlmum detected concentration. For some chemicals the range of 

potential concentrations across the slte is very large, introducing a high 

degree of uncertainty to the exposure estlmates. However, the exposure 

estimates are expected to over predict rather than under predlct, and 

therefore are protective of human health. 

Scenarlo 1 - Chlld Care: Current Use 

The exposure frequency (EF; days/year) may range from 1 to 365, and 1s not 

likely to introduce a large degree of uncertalnty. The value used (250 days) 

was based on the number of work days in a year, based on consistent use of the 

facility by working parents, thus reflecting the number of days the child is 

likely to be at daycare. Soil ingestion rate also presents a large range of 

values but the value used 1s not expected to introduce a large degree of 

uncertainty into the exposure estlmates. 

Scenarlo 2 - Recreational Exposure: Current Use 

The exposure frequency may range from 1 to 365 days/year, which may 

introduce a large degree of uncertalnty as no data 1s available to justify the 

NAVAL EDUCATION AND 
TRAINING CENTER 



actual frequency of use. The value used (33 dayslyear) is based on 

recreational use of the site two days per week in the summer and more 

infrequently during the school year. Soil ingestion rate is not expected to 

introduce a large degree of uncertainty into the exposure estimates. 

Scenario 3 - Construction Exposure: Future Use 

Of the parameters presented in Table 4-5, the modeled ambient dust 

concentration is expected to present the largest degree of uncertainty to the 

exposure estimates. Exposure point concentrations available at the site 

include concentrations in soils and ground water. However, alrborne 

concentrations of contaminants (i.e., volatil~zatlon, fugitlve dusts) were not 

sampled during the field program and thus exposure polnt concentrations must 

be modeled. Names and citations for the transport models used to estlmate 

exposure point concentratlons from laboratory measurements of fleld samples 

are given in Appendix C. As a caveat, it is always more accurate to have data 

for exposure point concentratlons In the medium of concern at the exposure 

point of concern, and the use of transport models represents a good faith 

attempt to estimate unknown values from known values. However, the use of the 

models does introduce uncertainty into the results. Of the remalnlng 

parameters, the ranges of skin surface area are quite large, and may 

contribute a large degree or uncertainty to the exposure estimates. 

Scenario 4 - Commercial/Industrial Exposure: Future Use 

The EF for Scenario 4 1s not expected to contribute a large degree of 

uncertainty to the exposure assessment. Of the possible range of values (1 - 

365 dayslyear), the value chosen (250 days/year) 1s most llkely to be 

representative of exposure. 
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Scenario 5 - Residential Scenario: Future Use 

Of the parameters presented in Table 4-5, the modeling of ambient dust 

- concentrations and indoor airborne vapor phase chemlcal concentrations are 

expected to present the largest degree of uncertalnty. Exposure point 

concentrations available at the site include concentrations in soils and 

ground water. However, alrborne concentrations of contaminants (i.e., 

volatilization, fugitive dusts) were not sampled durlng the field program and 

thus exposure point concentrations must be modeled. Names and citations for 

the transport models used to estimate exposure point concentrations from 

laboratory measurements of field samples are given in Appendlx C. As a 

caveat, it is always more accurate to have data for exposure polnt 

concentrations in the medium of concern at the exposure polnt of concern, and 

the use of transport models represents a good falth attempt to estlmate 

unknown values from known values. However, the use of the models does 

introduce uncertalnty lnto the results. 

4.4 Toxicity Assessment 

Appendix F of this report presents a short descrlptlon of the toxic 

effects of each chemical of concern, includmg a summary of the dose-response 

information pertinent to quantltatlve risk assessment, as available. 

Furthermore, Tables F-1 through F-4 present a summary of toxlcity values 

associated with chronic and subchronic noncarcinogenic effects, for the oral 

and inhalation routes, respectively. Tables F-5 and F-6 summarize the slope 

factors associated with potential carclnogenlc effects of chemicals of concern 

by the oral and inhalation routes, respectively. 
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4.5 Risk Characterization 

4.5.1 Quantitative Risk Assessment 

For potential carcinogens, risks are estimated as probabilities. The 

compound-specific potency factors for carcinogens are generally estimated 

through the use of mathematical extrapolation models (e.g., the linearized 

multistage model). These models estimate the largest posslble linear slope, 

within a 95% confidence interval, at low extrapolated doses. Thus, the 

potency factor is characterized as a 95% upperbound estimate, such that the 

true risk is not likely to exceed the upperbound estlmate and may be lower. 

The evaluation of risk from noncarcinogenic health hazards 1s based on the 

use of RfDs (EPA, 1990; EPA, 1989a). RfDs are estimates of daily exposure to 

the population (including sensitive subpopulatlons) that are likely to be 

without appreciable risk of deleterious effects for the defined exposure 

period. The RfD 1s calculated by dividing the no adverse effect level (NOAEL) 

or lowest observed adverse effect level (LOAEL) derlved from anlmal or human 

studles by an uncertainty factor, which 1s multiplied by a modifying factor. 

RfDs incorporate uncertainty factors which serve as a conservative downward 

adjustment of the numerical value and reflect scientlflc judgement regarding 

the data used to estlmate the RfD. For example, a factor of 10 is used to 

account for variations In human sensitivity ( 1 .  to protect sensitive 

subpopulatlons) when the data stems from human studies involving average, 

healthy subjects. An additional factor of 10 may also be used for each of the 

following: 

extrapolation from chronlc anlmal studies to humans, 

extrapolation from a LOAEL to a NOAEL, and . 

extrapolation from subchronic to chronlc studles. 
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Finally, based on the level of certainty of the study and database, an 

additional modifying factor (between zero and ten) may be used. 

The results of the quantitative risk analysis are presented in two baslc 

forms. In the case of human health effects associated with exposure to 

potential carcinogens, risk estimates are expressed as the lifetlme 

probability of additional cancer risk associated with the glven exposure. In 

numerical terms, these are presented in scientific notation in this report. 

Thus, a lifetime risk of 1E-04 means a lifetlme incremental rlsk of one in ten 

thousand; a lifetime risk of 1E-06 means an incremental lifetime risk of one 

in one million and so on. 

In the cases of exposure to non-carcinogens, the Hazard Index Ratlo 1s 

used. As noted in previous sections, the fundamental principles used to 

construct the RfD utilized In calculating the Hazard Index Ratio are 

predicated on long term or chronic (usually measured in years) exposures and 

health effects. However, the RfD used was either the RfD derived from chronic 

studies (RfDc) or the RfD which was derived from subchronlc studies (RfDs). 

Wherever possible, the RfD was matched to the type of exposure (chronic vs 

subchronic) such that in scenarios involving subchronic exposures (e.g., 

construction), the RfD, values were used, and those scenarios involving 

chronic exposure (trespasser, cornrnerc~al/industrial use, residential use), the 

RfDc values were used. 

Cancer and non-cancer health risks are discussed below for current use and 

future use scenarios. Within the residential scenario, the risks to chlldren 

(0-6 years old) and adults are presented separately. In each case, daily 

doses of the compounds of concern were calculated for each exposure pathway 

modeled, and these doses were then used to calculate cancer risk levels and 

hazard index ratios. Cancer rlsk levels are the llfetime probability of 
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excess cancer due to the exposure pathways resulting from use of the site. 

Cancer risk levels are derlved by multiplying exposure dose by the appropriate 

cancer slope factor for each compound and exposure route. Non-cancer health 

risk is quantitated by the hazard Index ratio which is the ratio of the 

exposure dose to the RfD (both in mg/kg/day). The calculated level of cancer 

risk can be compared to the acceptable total site risk range (1E-04 to 1E-06) 

for evaluating the need for remediation, as stated in the "National Oil and 

Hazardous Substances Pollution Contingency Plan, Final Rule" (EPA. 40 CFR Part 

300, March 8, 1990), and in the Superfund Human Health Evaluation Manual 

(1E-04 to 1E-07) (EPA, 1989). Regarding non-carcinogenic health hazards the 

Superfund Human Health Evaluation Manual (EPA, 1989) states that: 

"When the total hazard index for an exposed individual or group of 
individuals exceeds unity, there may be concern for potential 
non-cancer health effects." 

Thus, the cancer risk and hazard lndex ratlos that constitute a concern are 

>1E-04 and >1E+00, respectively. Tables 4-6 through 4-15 summarize cancer 

risk levels and hazard index ratios for each scenario. 

Cancer risks and hazard index ratios are presented in subsequent sections 

for each scenario and pathway analyzed. These risk levels are presented as a 

range In which both the average case value (geometric mean chemical 

concentrations) and the worst case values (maxlmum concentration found 

on-site) are provided. In certain cases, the geometric mean value may 

actually be greater than the maximum risk value because "U" data were included 

in the geometric mean at one-half the SQL, but "U" data were not included In 

the formulation of maximum values. Thls is because it is inappropriate for 

the maximum risk found on-site to be driven by non-detected values. The 

maximum values do include "UJ" qualified data at the full SQL. Thus, in those 
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cases where a high SQL for a non-detect is greater than any of the detected 

levels, it is possible for the geometric mean risk to exceed the maximum rlsk. 

Scenario 1 - Child Care Use (Current Use) - Cancer Risks and Hazard Index 
Ratios 

Tables 4-6 and 4-7 summarize the cancer rlsks and hazard index ratios for 

all exposure pathways considered. The tables present a swnmary of risks to 

highlight the major factors which drive the risk. Appendix C (Table C.l-1 

through C.l-6) contains the exposure doses, cancer rlsks and hazard index 

ratlos for all chemicals and all pathways of concern. 

Exposure of children ages 1-5 years old to contaminants in soil while 

playing outside of the daycare facility is associated wlth a total cancer risk 

range of 2.9E-05 (mean value) to 1.3E-04 (maximum value) whlch is slightly 

above the acceptable rlsk range of 1E-06 to 1E-04. Specifically, thls 

elevated cancer rlsk 1s associated prlmarlly wlth incidental ingestion of 

carcinogenic PAHs In soil (risk level of 1.2E-04). Ingestion of arsenic in 

sol1 contributes to a minor degree. Dermal exposure to contaminants In sol1 

did not contribute significantly to the cancer risk estimate. 

Playing on site is associated with a total hazard index ratio range of 

2E-01 (mean value) to 4.3E-01 (maxlmum value) which is below the target HI 

value of 1Et00. As for cancer risk, non-cancer risks are due primarily to 

incidental ingestion of soil rather than dermal exposure. 

Scenario 2 - Recreation (Current Use) - Cancer Risks and Hazard Index Ratios 

Tables 4-8 and 4-9 summarize the cancer rlsks and hazard Index ratlos for 

all exposure pathways considered for Scenarlo 2, current recreational use. 

Appendix C (Tables C.2-1 through C.2-6) contains the exposure doses, cancer 

rlsks and hazard index ratlos for all chemicals and all pathways of concern. 
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Exposure of children to. contaminants In soil while using the recreational 

facilities at the Old Fire Fighting Training Area is associated with a total 

cancer risk range of 1.5E-06 (mean value) to 7.1E-06 (maximum value), whlch is 

well within the acceptable cancer risk range of 1E-06 to 1E-04. The primary 

contributor to this risk is incidental ingestlon of contaminants in soil. 

Playing on site is associated with a total hazard index ratlo range of 

4.43-03 (mean value) to 9.8E-03 (maximum value), which is well below the 

target hazard index ratio of 1.OEt00. 

Scenario 3 - Construction Use (Future Use) - Cancer Risks and Hazard Index 
Ratios 

Table 4-10 summarizes the cancer risks associated wlth the signlfrcant 

chemicals of concern and all exposure pathways included in thls scenario. The 

total cancer risk estimate range associated with construction activities on 

site is 2 .OE-06 (mean value) to 8.2E-06 (maxlmum value), whlch is withln the 

acceptable risk range of 1E-06 to 1E-04. The prlmary contributor to thls rlsk 

1s incidental ingestlon of contaminants In subsurface soil. 

Table 4-11 presents a summary of the hazard Index ratios for selected 

chemicals and all exposure pathways associated with Scenarlo 3. The range of 

hazard index ratlos is 8.8E-02 (mean value) to 2.7E-01 (maximum value), which 

is below the target ratio of l.OE+OO. Exposures vla Incidental lngestlon of 

contaminants in soil is the primary cause of this risk. Appendlx C (Tables 

C.3-1 through C.3-9) presents a complete matrlx of pathways and chemicals. 

Scenario 4 - Commercial/Industria1 Use (Future Use) - Cancer Risk and Hazard 
Index Ratios 

Tables 4-12 and 4-13 summarize the cancer rlsks and hazard index ratlos 

for chemicals and exposure pathways for Scenario 4. Appendlx C (Tables C.4-1 
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through C.4-9) provide complete exposure doses, cancer risks and hazard index 

ratios for all chemicals of concern and exposure pathways. 

- The cancer risk range estimates associated with future commercial/ 

industrial use of the site are 1.5E-03 (mean value) to 3.1E-03 (maximum 

value), which exceed the target risk range of 1E-06 to 1E-04. Nearly 100% of 

this exceedance is due to ingestion exposure to contaminants in ground water. 

Specifically, the carcinogenic PAHs and arsenic are assoclated with the 

elevated risk value. Several issues are important to note at this time. 

First, ground water is not used as a potable source in the area of the Old 

Fire Fighting Training Area. Second, there is evidence to suggest that the 

ground water at this site 1s brackish, and 1s Influenced by Narragansett Bay 

tldal actlon. Finally, some of the data for both arsenic and the PAHs has 

been quallfled by the data valldatlon as "UJ" and thus presents uncertalnty as 

to the actual nature and extent of contamination. 

The hazard index ratio range of estimates assoclated wlth Scenarzo 4 is 

8.2E-01 (mean value) to 3.1E+00 (maximum value). Thus, the maxlmum exposures 

exceed the target ratio of l.OE+OO. As for the cancer rlsk estimates, the 

primary contribution to this exceedance results from the use of the ground 

water as a potable water source. Specifically, lngestlon of the inorganlcs 

arsenic, cadmium, copper, manganese and zinc account for 76% of the total 

hazard index. The same considerations stated above for cancer risk apply 

here, with the exception of the uncertalnty associated wlth the validity of 

the data. 

Scenario 5 - Residential Use (Future Use) - Cancer Risks and Hazard Index 
Ratios 

Table 4-14 presents a summary of the cancer rlsks for selected compounds 

and each exposure pathway assoclated with future resldentlal use of the slte. 

NAVAL EDUCATION AND 
TRAINING CENTER 



Appendix C (Tables C.5-1 through (2.5-16) provldes a complete assessment of 

exposure dose, cancer risk and hazard lndex ratlos associated with future 

residential use of the Old Flre Fighting Training Area. The total range of 

cancer risk estimates for children residing on slte is 2.OE-03 (mean value) to 

4.OE-03 (maximum value), which exceeds the target risk range of 1E-06 to 

1E-04. The majority of the cancer risk results from ingestion of contaminants 

in ground water. Specifically, Ingestion of arsenlc and carcinogenic PAHs 

contribute the majority of this rlsk. An additional minor component comes 

from the ingestion of soil and house dust, with a risk range of 4.8E-05 to 

2.3E-04. Dermal contact with contaminants in sol1 and Inhalation of airborne 

(vapor phase) and dustborne contaminants did not contribute significantly to 

the rlsk. As for Scenario 4, several lssues are important to note at this 

time. Flrst, ground water is not used as a potable source In the area of the 

Old Fire Fighting Training Area. Second, based on the proxmity of the site 

to Narragansett Bay, the ground water could be bracklsh and unsuitable for use 

as potable water. Finally, some of the data for both arsenlc and the PAHs has 

been qualified by the data valldator as "UJ" and thus presents uncertainty as 

to the actual nature and extent of contamination. 

The hazard index ratio associated with children resldlng on slte ranges 

from 4.4E+00 (mean value) to 1.6E+01 (maximum value) (Table 4-15). This range 

exceeds the target hazard index of l.OE+OO, primarily due to ingestion of 

chemicals in ground water. More than 50% of this risk results from the 

ingestion of inorganics such as cadmium, copper, manganese and zinc. 

Ingestion exposure to sol1 and house dust results in a pathway hazard index of 

2.7E-01 to 5.9E-01, whlle lnhalation of airborne (vapor phase) chemicals has a 

pathway hazard index of 3.8E-02 to 2.1E-01. 
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As indicated previously, ground water is not currently used as a potable 

water source and evidence suggests a hydraulic connection between the ground 

water and Narragansett Bay, resulting in a potentla1 for a brackish 

(non-potable) quality. 

Adults 

Table 4-14 presents a summary of the cancer risks for selected compounds 

and each exposure pathway. The total range of cancer risks for adults 

residing on site is 5.1E-03 (mean value) to 1.OE-02 (maximum value), which is 

above the acceptable range (1E-06 to 1E-04). The malority of the cancer rlsk 

results from ingestion of contaminants in ground water. Speclflcally, 

rngestion of arsenlc, beryllium, 1.1-dichloroethene, and carcinogenic PAHs 

contribute the majority of thls risk. An addltlonal minor component comes 

from the ingestion of soil and house dust, with a rlsk range of 2.5E-05 to 

1.2E-04. Dermal contact wlth contaminants in soil and inhalation of airborne 

(vapor phase) and dustborne contaminants did not contribute significantly to 

the risk. As for Scenarlo 4, several issues are important to note at this 

time. First, ground water 1s not used as a potable source In the area of the 

Old Fire Flghting Training Area. Second, there 1s evrdence to suggest that 

the ground water at this site is brackish, and is Influenced by Narragansett 

Bay tidal action. Finally, some of the data for both arsenlc and the PAHs has 

been qualified by the data validator as "UJ" and thus presents uncertainty as 

to the actual nature and extent of contamination by these contaminants. 

The hazard index ratio associated with adults reslding on site ranges from 

2.3E+00 (mean value) to 8.84E+00 (maxlmurn value) (Table 4-15). This range 

exceeds the target hazard index of l.OE+OO, primarily due to ingestion of 

chemicals in ground water. More than 50% of this risk results from the 
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ingestion of inorganics such as cadmium, copper, manganese and zinc. Other 

exposure pathways do not result in a significant contribution to the hazard 

index. 

As indicated previously, ground water is not currently used as a potable 

water source and evidence suggests a connection between the ground water and 

Narragansett Bay, resulting In a potential for a bracklsh quality. 

Summary of Cancer and Non-Cancer Health Risks 

This site currently contains elevated levels of certain key toxicants, 

which are responsible for driving the risk assessment. 

The residential scenarlo was associated wlth the greatest cancer risk and 

HI values, due largely to the Ingestion of ground water (as a potable water 

source), which is absent from Scenarios 1, 2 and 3. Scenario 4 (future 

cornmercial/industria1 use) included the use of ground water as a potable 

drlnking water source, however, shorter exposure durations and exposure 

frequencies reduces the risks associated wlth this pathway (although not below 

acceptable values). In general, soil ingestion, lnhalatlon and dermal contact 

with contaminants were not major exposure pathways. 

The contaminants in ground water causing the greatest cancer risk in 

Scenario 5 are the carcinogenic PAHs (rlsk range of 5E-03 to 1E-02 in adults), 

arsenic, beryllium and 1,l-dichloroethene. Ingestion of these carclnogenlc 

PAHs in sol1 is also of some importance In each scenario. 

Seven carcinogenic PAH compounds, including benzo(a)pyrene, were detected 

on-site and included in the quantitative risk assessment. All were asslgned 

the cancer slope factor derived for benzo(a)pyrene, which is among the most 

potent members of this chemical class. Most carclnogenlc members of thls 

class have been shown to induce skin cancer upon topical adrninlstratlon, while 
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the more heavily studied agent, benzo(a)pyrene, has also been shown to cause 

lung and stomach tumors (ATSDR, 1990). Dermal cancer risk was not calculated 

because of uncertainty regarding the carcinogenic potency of the agents by the 

dermal route. However, given the preponderance of evidence in rodents that 

these agents are carcinogenic by dermal exposure, it is likely that thls 

analysis underestimates the cancer risk due to PAH compounds present in water 

and soil. The increase in cancer risk that could be associated with dermal 

exposure to PAHs in soil is not likely to be substantial compared to oral 

exposure risks since the dermal dosage to these agents was generally less than 

that received via oral exposure to PAHs in soll, and this oral exposure was 

not assoclated with substantial rlsk. Further, this dermal dose represents 

the absorbed dose, which is only 5% of the exposure dose. 

Arsenic is a group "A" carcinogen, whose carcinogen effects are most 

notable in the skin after oral absorption. While the arsenic oral slope 

factor for carclnogenlc effects is based upon the evidence of human skin 

cancer, arsenic exposure by the oral route has also been assoclated with 

elevated cancer incidences in bladder, lung, liver, kidney and colon (EPA, 

1991 - IRIS file) . The carcinogenic potency of arsenic upon dermal exposure 

has not been quantitatively evaluated. 

Beryllium is a Class B2 (probable human) carcinogen whose effects are 

primarily noted in the lung. 1,l-Dlchloroethene 1s classified as a possible 

human carcinogen ("C"). Oral exposure to this compound has been shown to 

produce a significant increase in adrenal pheochromocytomas. 

Although significant risks are assoclated wlth the ingestion of ground 

water, several issues concerning this pathway must be presented. First, as 

indicated previously in this report, based on the proximity of the site to 

Narragansett Bay, the ground water could be brackish and unsuitable for use as 
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a potable water supply. Second, ground water is not used as a potable source 

in the area of the site. Third, there is an uncertainty associated with the 

- detection of PAHs and the other carclnogenlc compounds in ground water. That 

is, the data for few PAHs were detected in ground water, and were commonly 

associated with data qualifiers. Finally, PAHs did not appear to be elevated 

in three of four wells on-site as compared to MW-5, the upgradient reference 

well for this site. While levels of a variety of PAHs were detected in MW-2, 

these levels were relatively low. 

Similar to the PAHs, arsenic and beryllium in on-site ground water made 

substantial contributions to risk, but the levels detected on-site do not 

appear to be materially elevated relatlve to the levels In reference wells. 

Beryllium was detected once out of flve ground water samples. The beryllium 

concentration in thls sample was not elevated in comparison to reference 

concentrations for the five NETC sltes. Thus, any risk associated wlth the 

ingestion of beryllium in ground water is likely to be due to a natural 

occurrence for the area. 1,l-Dichloroethene was detected in 2 of 5 wells and 

thls data was qualified as U/UJ data only. Therefore, any rlsk associated 

with this compound 1s uncertain and does not appear llkely as 

1,l-dichloroethene was not clearly detected. 

4.5.2 Qualitative Analysls of Risks 

Compounds With Misslng Toxicity Values 

Selected compounds (Table 4-4) were addressed qualitatively rather than 

quantitatively because compounds were lacking cancer slope factors or RfD 

values. It is not possible to include these cases in the quantitative 

analysis, and instead, the possible effect they could have on the assessment 

is discussed qualitatively. 
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Few compounds missing reference toxicity values (either CPFs or RfDs) were 

not associated solely with data qualifiers ("U" or "UJ" deslgnatlons) (Table 

4-4). These compounds include: 

Inorganics 
Aluminum 
Coba 1 t 
Copper 
Nickel 
Selenium 

Volatile Organics 
Chloroform 

0 Semi-Volatiles 
Phenol 

Tentatively Identified Compounds 

The potential impact associated with the omlsslon of these compounds from 

the quantitative risk assessment is discussed below: 

Inorganics 

The toxicity data for aluminum has been evaluated by the EPA and found to 

be inadequate to develop an inhalation or oral RfD (see Appendix F). Alumlnum 

was detected frequently in sol1 and ground water. Comparisons to site and 

U.S. background levels (Tables 4-1 through 4-3) lndlcate that aluminum 

concentrations are not elevated. Despite the uncertainty surrounding the 

dose-response relationship for aluminum, low environmental concentrations 

indicate exposures are not llkely to be of concern. 

Currently, no oral or inhalation RfDs for cobalt have been published by 

the EPA. Cobalt is an essential component of vitamin B12, which is required 

for the production of red blood cells (see Appendix F). With the exception of 
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MW-3, cobalt does not appear to be elevated in ground water as compared to 

upgradient levels (MW-5) (Table 4-3). In surface soil, the range of cobalt 

concentrations is 4.7 - 20 mg/kg, versus a U.S. background range of 0.3 - 70 

mg/kg, although the site mean (8 mg/kg) exceeds the U.S. background mean (5.9 

mg/kg). Similarly, in subsurface soils the range of detection is within the 

U.S. background range. Although the mean site concentration exceeds reported 

U.S. background mean concentratlons, the site mean concentration does not 

exceed the site background level (Table 4-2). Based on this information. a 

cobalt RfD is not expected to contribute significant uncertainty to the final 

risk estimate. 

An inhalation RfD for copper is not available from EPA (see Appendlx F). 

The range of detection of copper in soils 1s 6.1 mg/kg - 312 mg/kg, which is 

wlthin the range of U.S. background (1 - 700 mg/kg). Conversely, the 

geometric mean concentrations In site soil exceed reported U.S. background 

mean concentration (Tables 4-1 and 4-2). Because copper has been shown to 

cause local G.I. irritation followlng ~ngestion, it is not practical to 

extrapolate from the oral route to the inhalation route. Thus, the 

contribution of copper exposure to health risks followlng inhalation is 

uncertain. However, it should be noted that In general, doses and risks 

associated with inhalation of contaminants in dusts are very low. 

The EPA weight of evidence for the carclnogenlclty of lead 1s "B2" - a 

probable human carcinogen; however, a quantitative risk estimate has not been 

provided (see Appendix F). Lead concentrations in surface soil appear to be 

low (range of 19 mg/kg - 77.8 mg/kg) as compared to the U.S. background range 

(10 mg/kg - 300 mg/kg). In general, lead concentrations in ground water 

appear elevated over upgradlent concentrations (Table 4-3). Based on the 
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apparently elevated concentrations of lead in environmental media, some degree 

of concern over the lack of quantitative risk is noted. 

There are no oral or inhalation RfDs for nickel at this time (see 

Appendix F). Nickel was detected twice in ground water at concentrations 

greater than two times the background (upgradient) concentration (Table 4-31, 

The range of detection in soil is 5.4 mg/kg to 28.8 mg/kg (Tables 4-1 and 

4-2) .  as compared to a U.S. background of 5-700 mg/kg. Only two subsurface 

soil nickel concentrations exceeded site background. An RfD of 1E-02 

mg/kg/day has been derived in order to calculate a lifetime health advisory 

for nickel (EPA, 1987a). Comparison of thls RfD to oral doses received during 

current or future use of the site indicate the omisslon of nlckel from the 

quantitative assessment is not likely to underestimate risk. 

Currently, no inhalation RfD for selenlum has been published by the EPA 

(see Appendix F). Concentrations of selenium in surface and subsurface soils 

are low (below U.S. background level) (Tables 4-1 and 4-2). In combination 

with the typically low inhalation exposures to fugitlve dust (see Appendlx C ) ,  

the lack of a quantitative assessment for the inhalation of particulate borne 

selenlum is not likely to be of concern. 

Volatile Organics 

A risk assessment to establish a chronic inhalation RfD for chloroform is 

under review by an EPA work group (see Appendlx F). Chloroform was not 

detected in surface soil, and data for subsurface soil were associated 

entirely with data qualifiers. Thus. the uncertainty of the presence of 

chloroform in soils is high and the absence of chloroform inhalation through 

fugitive dust formation is not likely to be of importance. 
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Chloroform was detected in ground water at the Old Fire Fighting Trainlng 

Area. Because chloroform is a volatile organic, exposures due to inhalation 

- of vapor phase (airborne) chloroform should be considered (Scenario 5). Oral 

toxicity studies with chloroform indicate systemic effects rather than local. 

irritant type effects. Comparison of the exposure dose from chloroform 

inhalation (Table C.5-5) to the oral RfD (1E-02 mg/kg/day) mdlcates that this 

route of exposure is not likely to contribute significantly to the non-cancer 

hazard index. 

Semi-Volatiles 

No inhalation RfD for phenol has been published by the EPA due to 

inadequate health effects data (see Appendix F). Phenol was detected at 216 

locations in surface soil, however all surface soil data were associated wlth 

data qualifiers. Phenol was also detected In subsurface sol1 at a range of 

concentrations of 0.045 - 0.49 mg/kg. Based on this mformation, lack of a 

quantitative risk assessment would primarily be of concern for Scenarlo 3 

(future construction use). Conslderatlon of the oral RfD (6E-01 mg/kg/day) 

for inhalation exposure indicates that exposures to phenol In fugitlve dusts 

are not likely to contribute significantly to the rlsk estimate. 

Pesticides/PCBs 

No inhalation or oral RfDs for 4.4'-DDE are available from EPA (see 

Appendix F). 4,4'-DDE was detected only in surface soil, and at low 

concentrations (0.0029 mg/kg to 0.0081 mglkg). Due to uncertainties such as 

differences between target organ effects and pharmacokinetic behavior of DDT 

and DDE, the use of the oral RfD for DDT as an RfD for DDE is not a practical 
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alternative. Thus, it is not possible to quantify the risk associated with 

DDE in surface soil. 

Tentatively Identified Compounds 

TICS are not quantitatively addressed because their chemical identities 

were poorly characterized. In the vast majority of samples, the TICS are 

listed as "unknown". In the few isolated cases where a speclfic chemical 1s 

listed as a TIC, the levels are generally low (<1 mg/kg). Total TIC levels 

range above 70 mg/kg, but without a better indication of the contaminants 

which comprise the TIC listlng, no qualitative or quantitative assessment can 

be made. 

4.5.3 Uncertainty Assessment 

Site-Specific Uncertainty Factors 

The scenarios developed for the site rnclude exposures resulting from 

current use as a child daycare facility and a recreational area and future use 

of the site as a construction area, cornmercial/industrial area and resldentlal 

area. The risks associated with these scenarios are conditional on these land 

uses occurring. Observations made during field lnvestlgations and site visits 

indicate that current activities include active use of the daycare facility 

and recreational facilities. Thus, the uncertainty associated with the 

exposure duration for Scenarios 1 and 2 is likely to be small and is not 

likely to contribute significantly to an overestimation of risk. Although 

current use of the site is primarily recreational, there is some potential for 

the site to be used industrially and residentially. This uncertainty in 

future use of the site adds a degree of uncertainty to the risks associated 

with Scenarios 3, 4, and 5. 
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Chemicals with missing toxicity values are not expected to introduce a 

large degree of uncertainty into the risk estimates, as described in Section 

4.2. Chemicals not detected on-site were omitted from the analysis on the 

basis that the samples taken include the worst portions of the site. There 1s 

uncertainty with regards to the amount of sampling that would be required to 

verify that the chemical concentrations used presently truly represent the 

geometric mean and maximum values. 

Additional uncertainty in the risk characterization may stem from 

exclusion of chemicals in the quantitative risk assessment. Chemicals which 

were not included in the quantitative rlsk assessment were excluded due to 

either lack of quantitation in the chemical analysis or as a consequence of 

missing toxicity data. Chemicals for which a mean or maximum value could not 

be estimated were evaluated for adverse health effects. 

Any chemicals expected to contribute a significant uncertainty to the 

assessment of risk were addressed above. Briefly, the exclusion of lead in 

soil and water may contribute to an underestimation of cancer risk. Exclusion 

of other chemicals from the quantitative analysls is not expected to 

significantly alter the risk. 

Table 4-16 summarizes the exposure pathways considered for the risk 

assessment, and reasons for exclusion or inclusion. Ingestion of ground water 

for current use scenarios was not addressed as no wells are currently 

developed. Ingestion of and dermal contact with on-shore sediments for 

current and future land use scenarios was addressed as soil ingestion. 

Two models were used to characterize exposure point concentrations. The 

first, a model used to estimate concentrations of chemicals In fugitive dust, 

was taken from AP-42 (EPA, 1988) (see Appendix C). The key model assumptions 

include the time frame during which construction on site is likely to take 
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place, and the use of a yearly average wind speed. The potential impact of 

these assumptions will be to underestimate risk if construction activities 

occur for a longer period of time than originally estimated, or, if daily wind 

speeds exceed the annual average wind speed. The second model, volatilization 

of chemicals during home use of ground water (i.e., showering) (see Appendix 

C) was taken from Andelman (1985). A key assumption for this model is likely 

to include the fraction of contaminant volatilized, which is assumed to be 0.9 

(90%). Thls assumption is likely to over-predict, rather than under-predict, 

risk. 

As indicated in Section 4.5.1, the primary route of exposure for Scenarios 

1, 2 and 3 is incidental ingestlon of soil, while ingestlon of ground water is 

the primary route of exposure for Scenarios 4 and 5. Finally, risks 

associated wlth ingestion of ground water rely on the 90th percentile 

ingestlon rate (2 l/day - adults, 0.75 l/day - children), and this may drive 

the rlsk estimate for this pathway. 

Some significant uncertainties exist in the data used for this slte. In 

all cases these uncertainties are likely to overestimate, rather, than 

underestimate, the risk. 

A few examples of data uncertainties lnclude: 

Chemicals detected infrequently in all media were assumed to occur 
across the site at a mean or maximum detected concentration. 

"UJ" data i . . ,  resulting from matrix effects) were generally 
included in calculations of mean values and considered as 
potential locations of contamination. "U" data (non-detect 
values) were included as one half the SQL, used in calculation of 
the mean, and considered as potential locations of contamination. 

Inclusion of PAHs in the quantitative assessment increases the 
level of conservatism rather than presenting an underestimate of 
risk. 

0 Uncertainties in background sampling locations, particularly wlth 
regard to inorganic compounds, disallowed exclusion of compounds 
which may occur naturally at the site. 
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Uncertainty Surrounding Cancer and Non-Cancer Risks 

For the risk estimation of cancer and of chronic non-cancer health 

effects, risks from all exposure pathways and for all chemicals have been 

summated to yield the total site risk for a given receptor. This is a 

conservative approach, since, In general, different chemicals do not have the 

same target organ or mechanism of action. Thus, their toxic effects may be, 

at least in some cases, independent and not additive. Further, chemicals may 

antagonize one another through competition for enzymes and binding sites, and 

by inhibition of pathways needed for chemical transport (absorption, cellular 

uptake, etc.) or metabolic activation. However, lt is also possible that 

certain chemicals can be synergistic such as is the case when a promotor-type 

carcinogen greatly enhances the expression of genetic damage induced by a low 

dose of an initiator. The uncertainties surrounding these possibilities are 

discussed below for the chemicals found on-site. 

bncer Risks 

The major contributors to cancer risk on thls site are arsenlc and the 

carcinogenic PAHs present in ground water and in surface soil. Aslde from the 

uncertainties surrounding the calculation of exposure doses discussed 

previously (e.g., that receptors will drink ground water in future use 

scenarios), the major uncertainties in the cancer rlsk assessment for these 

agents are: 

Uncertainties due to data qualifiers which cause chemical 
concentrations used in the quantitative assessment to be hlgher 
than any levels actually detected on-slte; 

Uncertainties in attributing risks to . on-site contamination 
sources versus that whlch is naturally present In ground water and 
soils (background); 

0 Uncertainties in the cancer slope factors assigned to these agents; 
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Uncertainties regarding the potential for carcmogens to combine 
to produce antagonistic, addltlve, or synergistic interactions; and 

Uncertainties regarding the level of exposure of children to PAHs 
in surface soil in the currently occupled child care center. 

The importance of these uncertainties are qualitatively addressed below. 

"UJ" data qualifiers caused the inclusion of three carcinogenic PAHs 

(benzo(k)fluoranthene, indenopyrene, dibenzoanthracene) into the quantitative 

assessment in spite of their not being clearly detected (without 

qualification) on-site. Further, UJ and U data caused the geometric mean 

concentrations of the carcinogenic PAHs detected in ground water 

(benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and chrysene) to be 

2-3 fold greater than the levels actually found. These factors combine to 

inflate the cancer risk due to PAHs above that which can be firmly supported 

by the monitoring data. While the uncertainty surrounding UJ and U data 1s 

sufficient to cause a concern regardmg potential exposures to PAHs, thls 

uncertainty contributes a greater degree of rlsk than would appear to be 

warranted. This is because SQL values were not unusually high and because the 

actual levels of carcinogenic PAHs In ground water were very low (1-4 ug/l). 

Unlike PAHs, the cancer rlsks produced by arsenlc in ground water are 

drlven by actually detected concentratlons. While the on-slte arsenic levels 

in ground water (2-17 ug/l) appear to be elevated as compared to that found in 

the reference well (2 ug/l), these arsenlc levels are not unusual for 

background levels at the NETC region as a whole. The reference wells at the 

other NETC sites analyzed contalned arsenic at 22-54 ug/l. Therefore, ~t 

appears that a contributor to cancer risk In this scenario 1s the natural 

background of arsenic in ground water. 

The major source of cancer risk (PAH exposure) 1s also uncertain because 

of the use of extrapolated cancer slope factors for most agents In thls 
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group. The benzo(a)pyrene cancer slope factor was assigned to all 

carcinogenic PAH compounds, whlch likely creates a considerable overestimate 

of risk. 

Benzo(a)pyrene is one of the most potent PAH compounds, and of the others 

on-site, only dibenzo(a)anthracene has a similar carcinogenic potency (Rugen, 

1989; Clement, 1987: EPA, 1985). Chrysene's potency appears to be -200 fold 

below that for benzo(a)pyrene. The data upon which these relative potency 

estimates are based are taken from primarily dermal studies in which the 

development of skin tumors was studied. The degree of uncertainty in 

extrapolating these results to the oral route of exposure in order to adjust 

the oral slope factor is not known. However, a considerable overestimation of 

cancer rlsk from ingestion of PAHs is possible because of this extrapolation 

approach. 

Interactions between carclnogens present at this site may both lead to 

enhanced and diminished carcinogenic responses. 

Of the carclnogens found on-slte, the group of PAH compounds are 

responsible for the greatest elevations in cancer rlsk on slte. PAH compounds 

can be classified as being genotoxic. The PAH compounds exert genotoxlc and 

carcinogenic effects in skin and at internal organs (ATSDR, 1989). The 

carcinogenic PAH compounds are considered to, In general, act similarly with 

respect to mechanism of action and target organ. However, as a mixture their 

effects may not be strictly additive due to the potential for co-carcinogenic 

and antagonistic effects (ATSDR, 1990). These effects appear to be mediated 

primarily through interference wlth each other's metabolism - either 

activation or detoxification, and by inducing, activating or detoxifying 

enzymes. The difference between antagonism, synergism and additivity of 

carcinogenic effects appears to depend upon the timing of the dosage of the 
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different PAHs, the ratio of the different agents administered, and the exact 

agents involved (Baird, 1984; Slaga, 1979; Van Duren, 1976). These factors 

are too complex to allow prediction of the likely outcome from the interaction 

of PAH compounds at this site. However, this factor does introduce 

uncertainty in the calculation of cancer risks. 

Arsenic was also shown to be responsible for elevated cancer risks. 

Arsenic is at most only weakly mutagenic, but its carcinogenic effects appear 

to be mediated through clastogenic effects (ATSDR, 1989). Arsenic-lnduced 

chromosomal damage may be due to an impairment of DNA replication or repalr, 

and this effect could facilitate the genotoxic effects of other agents (ATSDR, 

1989). Arsenic has been shown to greatly increase the mutagenic effects of 

direct-acting agents such as UV radiation, and alkylating agents. Further, 

arsenic appears to increase the production of lung tumors caused by 

benzo(a)pyrene, and is generally considered to have promotional activity 

(ATSDR, 1989). The target organ for arsenic's effects after oral lngestlon 

(inhalation of arsenic is not a major concern at this site) is primarily the 

skin, but elevations in bladder, liver and lung cancer In humans exposed 

orally to arsenic have also been reported (EPA, 1991 - IRIS File; ATSDR, 

1989). Therefore, it appears that arsenlc might be able to enhance the 

carcinogenic action of other genotoxic agents at a variety of target sites. 

The finding that arsenic can enhance lung tumor production by benzo(a)pyrene 

(ATSDR. 1989) supports the concept that a synergistic action is possrble. 

particularly since arsenic and PAH compounds are found together in soil. 

Since the skin is an important target site for both the PAH compounds and 

arsenlc, the synergistic effect might be most probable in the skin. Exposure 

to the skin may occur both dlrectly by dermal contact, and after ingestion of 

soil or drinklng water. 

- 
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There is evidence that arsenic's toxic, cytogenetic, and carcinogenic 

effects can be antagonized by selenium, possibly through an interaction at the 

level of biliary excretion (ATSDR, 1989). 

A final uncertainty regarding carcinogenic effects involves the level of 

exposure of young children to PAHs. This site involves a day care center in 

the current use scenario. The cancer risks for these children are borderline 

(1E-04) in the worst case and are driven by ingestion of PAHs in soil. It is 

anticipated that the children will be exposed primarily to surface soils 

represented by SS-2, since this sample was taken within the fenced-in area 

within which the child care center 1s located. The PAH levels detected withln 

this zone are considerably lower (up to 480 ug/kg) than that detected at other 

points on the site. The worst case risk is driven by a point of contamination 

(SS-6) at which PAH concentrations range up to 8,000 ug/kg. Although chlldren 

can receive exposures to this location (it is along Narragansett Bay), it is 

hlghly unlikely that this locatlon will provlde the major source of soil 

exposure. Therefore, the average case cancer risk (3E-05), which relies upon 

geometric mean concentratlons for the entire site, are a better representation 

of the risk level associated with this scenario. 

Non-Cancer Effects 

A variety of potential toxicant interactions affecting non-cancer health 

effects are possible for the chemicals found on-site. In the average case, 

elevation of the HI to levels greater than 1Ei-00 generally did not occur for 

individual chemicals, but required the summation of th HI across chemicals. 

The major contributors to the HI are zinc, manganese, copper and cadmium. 

However, these agents have differing target organs (zinc-red blood cells; 

manganese-CNS: copper-G.1. tract; cadmlum-kidney) which suggests that ~t may 
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be inappropriate to sum the HI values across these different chemical 

exposures and organ effects. However, in the average case for manganese, and 

in the worst case for the residential scenario, individual agents were capable 

to elevate HI to levels greater than 1E+00. 

Therefore, considerations of whether it is appropriate to summate HIS 

stemming from non-cancer effects that occur in different tissues for different 

chemicals do not increase the uncertainty In this analysis. 

Uncertainties In The Derivation of Toxicity Values 

In numerous cases in which a toxicity value was available for one exposure 

route but not another, a dose route extrapolation was performed. These 

extrapolations were utilized to go between the oral and inhalatlon routes of 

exposure lf the toxic/carcinogenlc effects were systemic rather than local. 

The compounds for which this was done are noted in Appendlx F. The 

oral-to-inhalation dose route extrapolation can underestimate potency from 

inhalation exposure if the chemical 1s ~rritating, insoluble, slowly absorbed 

or highly reactive. Under these conditions, the dose to specific lung reglons 

may be greater than that to the G.I. tract or internal organs, creating the 

possibility that the lung would be at greater risk. At this slte, thls 

possibility is greatest for the oral-to-inhalation extrapolation of RfD values 
, 

for the metals arsenic, beryllium, nickel and zinc. However, inhalatlon of 

these metals was due to the dust inhalation pathway, which was a minor 

exposure route. Therefore, underestimation of toxicity values for inhalation 

exposure should not have a large effect on the outcome of this risk assessment. 

A form of dose route extrapolation was used to provide oral toxicity 

values for dermal exposure. This extrapolation was utilized for all compounds 

except PAH compounds, whose potential for dermal effects was discussed. 
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A correction factor was not used for dermal RfDs and slope factors to take 

into account the difference between absorbed vs exposure doses in oral vs 
- 

dermal data, based on guidance from EPA Reglon I. In general, the oral 

toxlcity values are based upon an exposure dose, while the dermal doses for 

the modeled pathways are In terms of an absorbed dose. The absence of the use 

of such a correction factor provides a less conservative approach In 

estimating risk. 

The use of the RfD for naphthalene for all PAHs not currently assigned an 

RfD is a conservative approach recommended by EPA, Region I (EPA, 1989). 

Naphthalene's chemlcal and physlcal properties are unllke the group of PAHs, 

suggesting the existence of uncertainty in the use of the toxlclty values for 

naphthalene. 
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5.0 TANK FARM FOUR - SITE 12 

The Tank Farm Four site is sltuated at the northern end of the NETC 

I facility in the town of Portsmouth. It is located just east of Narragansett 

Bay, with Defense Hlghway bordering the western edge of the site. Twelve 

large underground storage tanks and an oil/water separator are located on the 

site, which encompasses approximately 80 acres. The slte is no longer used 

for fuel storage, and the tanks have been emptied and filled with water for 

ballast. 

5.1 Identification of Chemicals of Potential Concern at Tank Farm 4 

5.1.1 Data Collection 

A soil gas survey was conducted prlor to lnitlation of sampllng 

activities. The results indicated the presence of volatile organic compounds 

in the sol1 gas throughout the tank farm slte in general, wlth no clear 

evidence of a contaminant source or plume. 

Twenty-elght surface soil samples were collected from on-slte locations. 

Two soil samples (one compos~te and one discrete) were collected from around 

each tank and four were collected from around the oil/water separator. The 

discrete surface soil sample locations were selected to represent any vlslbly 

contaminated areas, where possible. 

Eight well borings were advanced at five locations throughout the slte. 

One soil sample was collected at or near the water table from each well 

location. Eight monitoring wells were installed in the borings, including 

five overburden wells and three bedrock wells. Each of the bedrock wells was 

paired with an overburden well. Ground water samples were collected from each 

of these wells and from two pre-existlng on-slte wells. One monitoring well 

situated at the upgradient boundary of the site 1s cons~dered to be 
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representative of background for the area surrounding the site. No odors or 

visible evidence of contamination were observed durlng well sampling. 

Four surface water samples were collected from Norman's Brook, whlch 

crosses the southern portion of the site (two on-site, one upstream of the 

site and one downstream of the site). Two sediment samples were also 

collected from each of the surface water sample locations. In addition, 

sediment samples were collected from two additional on-site brook locatlons. 

Underground storage tank contents and on-slte structures were also 

investigated. Twelve oil and eleven water samples were collected from on-site 

underground storage tanks. Eleven of the twelve tanks contain thick, black 

bunker-type 011 whlle the remaining tank contalns a black, light oil (slmllar 

to diesel fuel). One soil sample, one sludge, and one water sample were 

collected from the oil/water separator. A soil/sediment sample was also 

collected from a demolished structure (referred to as rums), wlth a water 

sample collected from a pipe which appeared to be discharging water from the 

ruins structure. 

5.1.2 Data Evaluation 

As detailed in the RI report, the slte may contain tank resldues resulting 

from oil storage operations. Fleld studies tested for the presence of 

numerous organic and inorganic contaminants in the soils, sediments, surface 

water and ground water. 

In order to organlze the data into a form manageable and appropriate for 

the baseline risk assessment the following nine steps were followed during the 

data evaluation process as described by EPA (1989): 

1) Gather and sort all data by medlum (i.e. soil, ground water, 
etc. 1 ;  
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2) Evaluate methods of analysis; 

3) Evaluate the sample quantitatlon limits; 

4) Evaluate the data qualifiers and codes; 

5) Evaluate blank data; 

6) Evaluate tentatively identifled compounds (TIC'S); 

7) Evaluate background data; 

8) Develop data sets by medium; and 

9) Develop a set of chemicals of potential concern from the entire 
data set. 

Briefly, the speciflc methods used in thls report include the following, 

which correlate respectively with the previously described steps (1-9). 

1) All analytical data was initially sorted by medla (surface soll, 
subsurface soil, surface water, ground water and sediments); 

2) An evaluation of analytical methods was not considered to be 
necessary as all data used was analyzed by EPA's Superfund 
Contract Laboratory Program (CLP) procedures; 

3) Unusually high sample quantltation limits (SQL's) were not 
commonly reported in any, of the matrices analyzed. This 
indicates that In most cases, matrix or chemical interferences in 
the analytical determinations did not cause a loss of sensitivity 
at thls site. One-half of the SQL was used for a non-detectable 
reading if there was evidence that the chemlcal is present in 
that medium. However, for non-detects where it appeared more 
likely that the chemical could be present at a value greater than 
1/2 the SQL, the entire SQL was used. The declslon to use the 
full SQL or 112 the SQL was based upon extent and degree of 
contamination wlthin each medium and potentlal for migration 
between medla. If a chemical was not detected in a single 
medium, transport and fate information was used to determine if 
its presence in related media should dictate that it be included 
in the analysis of thls apparently non-impacted medium; 

4) Data validation qualifiers were assessed during the data 
evaluation process. As lndlcated in EPA guidance (EPA, 1989), 
data qualified with U, J or UJ qualifiers were used in the 
quantitative risk assessment when appropriate. Chemicals that 
received the U qualifier (not detected) for all samples in a 
medium were not of concern for that medium. However, chemicals 
receiving the UJ qualifier, even lf just once In a medium, were 
retained as potentlal chemicals of concern. At Tank Farm 4 lt 
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was common for all the data from a given medium to be reported as 
"U" data by the laboratory, but with one of the samples later 
qualified as "UJ". Since a UJ qualifier represents uncertainty 
in the SQL, the lack of chemical detection is only equivocal. 
Faced with this uncertainty, the UJ qualified data is used in the 
risk assessment (EPA, 1989). However, for practical reasons the 
scope of the risk assessment was narrowed so that compounds with 
UJ data were included only if they were deemed to be of 
sufficient concern based upon toxicity assessment (i.e.. if they 
are considered to be carcinogenic); 

Field and laboratory blanks were used to segregate actual site 
contammation from cross contamination from fleld or laboratory 
procedures. As indicated in EPA (1989) sample results were 
considered positive only if concentrations exceeded ten times the 
concentration of a common laboratory contaminant in a blank, or 
five times the concentration of a chemical that is not considered 
a common laboratory contaminant; 

Tentatively identified compounds (TICs) were reported in soil 
samples across the site. TICs ranged from a few unknowns at low 
concentrations (<1 mg/kg) to many TICS (>lo) with some at 
elevated concentrations (>lo mg/kg). Surface water and ground 
water samples were generally devoid of TICs. Due to the 
uncertainty associated with the quantitative and qualitative 
nature of these TICs, a quantitative assessment of risk 
associated with exposure was not included in thls assessment; 

Background sampling locations were not identified or analyzed at 
this site. Therefore, only natlonal background levels, where 
available, could be used as a screening method to evaluate 
non-slte related chemicals or commonly encountered naturally 
occurring chemicals; and 

Tables 5-1 through 5-5 provlde the chemicals sampled and 
concentrations found in surface soils, subsurface soils, surface 
water, and ground water, respectively. Sediments were not 
addressed in the risk assessment as soil exposure is expected to 
characterize an equivalent or greater risk. Oil/water tank 
samples were not addressed in the risk assessment as the tank 
contents cannot be accessed by site visitors. All chemicals 
analyzed for in each matrix, both those detected and not 
detected, are presented together with SQLs. Table 5-6 summarizes 
the analytical chemistry data across all matrices on-site, and 
thls table also provldes an overall summary of chemicals of 
potential concern in each medium. This list was formulated based 
on guidance provided in Chapter 5 of the Risk Assessment Guldance 
for Superfund (EPA, 1989). 
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5.1.3 Summary of Surface Soil Data 

Table 5-1 presents a summary of the analytical data assoclated with 

- chemicals detected in surface soil, organized by class Including semi-volatile 

organics, volatile organics, inorganlcs and pesticldes/PCBs. Each class of 

chemicals is discussed in detail below. 

Inorganics 

Of 24 inorganic compounds analyzed, only cadmium, selenium, cyanlde, 

silver, sodlum and antimony were not detected in surface soil. However, the 

metals found are not unusual elements in soil and the concentratlons present 

were similar to U.S. background levels. 

Volatile Organics 

Of the thirty-four volatile organlcs analyzed for surface soll. only 2, 

toluene and tetrachloroethene were detected In the 5 samples collected. For 

both agents, detection was In 1 of 5 samples and the detected level was at or 

below the SQL. However, the UJ data qualifier was applled for 21 chemlcals, 

primarily for one sample (SS-1). The uncertainty in the SQL assoclated wlth 

the UJ qualifier together with the rather small data set (5 samples), dictates 

that the UJ data be viewed as potential concentrations and these 21 chemlcals 

be included as potential chemicals of concern. One sample had consistently 

high SQLs (SS-3) because of a 100 fold dilution of the sample durlng the 

analysis. For two chemicals (4-methyl-2-pentanone, 2-hexanone), the UJ 

qualifier was associated with these hlgh SQLs. Use of these high SQLs 

directly (in the cases of UJ data) or using one-half the SQL (ln the cases of 

U data and where the chemical was detected or had the UJ qualifier in another 
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sample) causes the geometric mean and maximum concentrations for 23 VOCs to be 

considerably higher than that which would otherwise be the case. 

Semi-Volatile Organics 

Twelve of the 65 semi-volatile organic compounds analyzed in surface soil 

were actually detected on site. Of these twelve, the most commonly detected 

were phenanthrene (4 of 5 samples), fluoranthene (3 of 51, chrysene (4 of 51, 

benzo(a)anthracene (3 of S ) ,  and benzo(a)pyrene (3 of 5). In one sample 

(SS-2), the levels of several of these polycyclic aromatic hydrocarbons (PAHs) 

exceeded the SQLs by an order of magnitude, which represents a large 

concentration (6,000-10,000 pg/kg) for this site. Sample SS-2 had high SQLs 

for the agents not detected because of a 100 fold dilution of the sample 

during analysis. These high SQLs are used at one-half their level In 

calculations of the geometric mean and maxlmum concentrations in surface soil 

for 55 seml-volatlles. These 55 agents were either actually detected in other 

samples (9 chemicals) or had surface sol1 data with the UJ qualifier (46 

chemicals). 

For most chemicals, the geometric mean data are well above the actual 

detected concentrations because of the one high SQL set of data. The 

exceptions to this are the PAHs phenanthrene, pyrene, and chrysene, and the 

phthalate ester bis(2-ethylhexyl)phthalate, which were found at elevated 

concentrations in sample SS-2. Only 5 semi-volatiles could be eliminated from 

consideration in the risk assessment because they clearly were not detected in 

any of the surface soil samples (i.e.. none of the U data were qualified). 

Pesticides/PCBs 

PCBs were not detected In any surface soil samples. The only pesticide 

detected was 4,4'-DDE, a close structural analogue and breakdown product of 
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DDT. DDE was detected at only one location and this was at a low 

concentration (4-5 pg/kg). Seven other pesticides (2,4-D, 2,4,5-T, silvex, 

endrin, gamma-BHC, methoxychlor and toxaphene) recelved the UJ quallfler at 

one or two locations, and are thus included as potential chemicals of 

concern. However, SQL levels were not unusually high for pesticides or PCBs. 

Additional Surface Soil Screens for Lead and TPH 

Twenty-eight surface soil samples were obtained and analyzed for TPH while 

26 additional samples were analyzed for lead (Table 5-1). This broad screen 

failed to detect any points of substantial contamination as the highest lead 

concentration found was 68 mg/kg and the highest TPH concentration was 270 

mg/kg. 

5.1.4 Summary of Subsurface Soil Data 

Table 5-2 presents a summary of the analytical data associated wlth 

chemicals detected in subsurface soil, organized by class including 

semi-volatile organlcs, volatile organlcs, inorganics and pesticides/PCBs. 

Subsurface soil data 1s derived from a total of 5 well borings. Each class of 

chemical is discussed in detail as follows. Depths to twelve feet were used 

in the risk assessment based on potentla1 site uses. 

Inorganics 

Of the inorganics analyzed, only cadmium, cyanide, mercury, and sodium 

were not detected at any of the five sampling locations. Most inorganlcs were 

detected at a frequency of 100% (see Table 5-2). SQLs for inorganlcs were not 

unusually high, and the detected levels were generally much higher than the 

SQL. Comparisons to U.S. background levels (see Table 5-2) indicated a 
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general trend of elevated concentrations across the slte for antimony, 

arsenic, cobalt, and nickel, but in each of these cases the range found on 

site was within the background U.S. range. The mean level of arsenlc in 

subsurface soil was approximately twice that found In surface soll. 

Volatile Organics 

Of the 34 volatile organics (VOCs) analyzed, only tetrachloroethene and 

toluene were detected. In both cases, levels were very low (1-2 pg/kg) and 

were well below the SQL. Therefore, based upon the sampling points analyzed, 

the subsurface soil was not strongly impacted by VEs. 

Semi-volatile Organics 

None of the 65 semi-volatile organlcs llsted in Table 5-2 for subsurface 

soil were detected at any of the 5 sampllng locations. However, the UJ 

qualifier was given to the results from one sample (M04-1). Due to the 

uncertainty surrounding the analytical test of the assayed chemicals at thls 

location, the SQL was used to represent thelr concentration. The entlre llst 

of semi-volatiles with UJ data was reduced to twenty-elght retained as 

chemicals of concern for subsurface soll. If UJ data was the reason for not 

removing an agent from consideration, ~t was retalned as a chemical of concern 

only if it is a carcinogen. Overall, the data indicate that the subsurface 

soil polnts assayed at Tank Farm 4 are not heavily impacted by semi-volatile 

compounds as a class, or by any individual compounds. 

Pesticides/PCBs 

No PCBs were detected In subsurface soil at any location on slte. The 

pesticides DDT, aldrin, dieldrin. endrln and heptachlor were detected In one 

NAVAL EDUCATION AND 
TRAINING CENTER 



location (M05-l), but at very low levels (3-17 pg/kg) which were below the 

SQL. There was no indication of unusually hlgh SQLs in the analytlcal data. 

5.1.5 Summary of Surface Water Data 

Table 5-3 presents a summary of the analytlcal data for compounds detected 

in surface water. The following sections descrlbe the data for each class of 

compound. Surface water sample SW-6 represents an on-slte background or 

reference sampling location. 

Inorganics 

A variety of metals were detected In surface water, wlth several (barium, 

calcium, iron, magnesium, manganese, potassium, sodium and thallium) detected 

in each surface water sample. Additionally, arsenlc was detected in two 

samples, and cadmium, chromium, lead and selenium were each detected once. 

These metals are anticipated in natural waters and for most, the levels found 

were slrnllar to that at the background locatlon (SW-6). However, levels of 

zlnc at SW-1, and of manganese at SW-1, SW-2 and SW-4, were markedly above the 

on-site background levels. 

Semi-volatile Organics, Volatlle Organics, Pesticides and PCBs 

No pesticides or PCBs were detected in surface water on-site. 

Additionally, only one semi-volatile compound, bis(2-ethylhexyl) phthalate was 

detected. This compound was found in two of the four sampling locations, but 

at very low levels (1 pg/l), whlch were below the SQL. Of the VOCs, carbon 

dlsulfide and carbon tetrachloride were the only chemicals detected. both only 

at one location. The value for carbon disulfide (26 pg/l) was five tlmes the 

SQL, while the carbon tetrachloride concentration was 3 pg/l, which was well 
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below the SQL. Therefore, no major impact on surface water by organic 

contaminants was present at the monitoring locations. 

5.1.6 Summary of Ground Water Data 

Table 5-4 presents a summary of the analytical data associated with 

compounds detected in the ten ground water samples collected. Each class of 

chemicals 1s discussed in detail below, with the exception of pestlcides/PCBs 

and volatile organics, which were not detected in ground water on-site and did 

not have unusually high SQLs. One monitormg well locatlon (MW-5) 1s 

upgradlent of all underground tanks, and was thus selected for the purposes of 

serving as an indicator of background concentratlons. 

Inorganics 

Of the 24 inorganic compounds analyzed, only antimony, cyanlde and mercury 

were not detected in any of the ground water samples. Most of the remalnlng 

agents were detected in all 10 samples and at levels well above the SQL. 

Thus, metals such as arsenlc, chromium, cadrnlum, lead, manganese and nlckel 

were prevalent In ground water; the significance of thelr levels in ground 

water is discussed in the risk characterization sectlon of the assessment. In 

comparison to the reference (background) monitoring well, the level of arsenlc 

at selected locations appears to be considerably above background. For 

example, at MW-2, MW-3, and MW-6 the shallow depth arsenic concentrations are 

448, 284, and 260 ug/l, respectively. In contrast, the reference well (MW-5) 

had a shallow depth value of 25 1 .  A similar profile was seen for 

vanadium, but not for other inorganic compounds. 

Two other metals, selenlum and thallium, were not positively ldentlfied In 

ground water, but received the "UJ" data quallfler in all 10 ground water 

samples and thus they are considered as potential chemicals of concern. 
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Semi-volatile Organics 

No semi-volatile organic compounds were detected in ground water. 

- However, 3.3-dichlorobenzidine and hexachlorocyclopentadiene both received the 

"UJ" data qualifier at two locations. Thus, they are retained as potential 

chemicals of interest in the risk assessment. However, based upon the 10 

sampled locations, the data for semi-volatile organic compounds, as well as 

for PCBs/pesticides and volatile organics indicate that there is not a malor 

organic impact on ground water at this site. 

5.1.7 Selection of Chemicals of Concern 

Table 5-5 presents an overall summary of the analytical data across all 

monitored matrices. Chemicals carried through the quantitative rlsk 

assessment are marked with a single asterisk ( * )  to the right of the chemical 

name. Chemicals discussed In the qualitative rlsk assessment are marked with 

two asterisks ( * * )  to the rlght of the chemlcal name. Those chemicals 

addressed both quantitatively and qualitatively are marked wlth 3 asterisks 

( * * * ) .  Additionally, Table 5-5 shows the range of levels detected In the 

different media and the presence of "UJ" data (indicated by X) so that it is 

easy to determine whether chemicals of concern are due to UJ data or due to 

actual occurrence in particular matrices. 

Chemicals of potential concern were selected from Tables 5-1 through 5-4 

based upon their presence in a matrlx and thelr potentla1 to produce toxlc 

effects. All chemicals positively identified In a matrlx are included as 

chemicals of concern, and the associated risks are quantitated if cancer 

potency factors and RfD values are available. If these are unavailable, then 

the chemical's potential to produce adverse health lmpacts is considered for a 

qualitative assessment. 
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Chemicals of potential concern are also those with "UJ" qualified data 

because of the uncertainty surrounding the SQL and thus the sensitivity of the 

- 
analysis. Much of this uncertainty is removed if "UJ" data are the rare 

exception rather than the rule for this chemical, and there are no other 

sampling locations where the chemical was detected in that matrix. Further. 

if the reported SQL is not unusually high and if there are not a priori 

reasons to suspect that the "UJ" data are in a contaminated zone (e.g., other 

"hits" in the matrix, site history, visual/odorous indicators), then it is 

appropriate to treat the data point as not detected and thus exclude it from 

the quantitative risk assessment. 

Some of the chemicals of potential concern listed in Table 5-5 were 

selected because of "UJ" data. The number of samples collected in each matrix 

(4-10) was not large, and thus there is low confidence that the one or several 

"UJ" samples represent clear evidence of chemlcal absence in that matrix. 

Chemicals of potential concern solely because of "UJ" data were included in 

the risk assessment only if they are carcinogens. Thus, the uncertainty 

surrounding the "UJ" data is handled by inclusion of these data in the 

quantitative risk assessment for carcinogens. In cases where "UJ" data are 

included in the quantitative assessment, the SQL (not one-half the SQL) was 

used because of the probability that the SQL was underestimated in these 

samples. 

5.2 Contaminant Fate and Transport 

This section of the risk assessment evaluates the fate and transport of 

contaminants associated with the site and provides an indication of future 

contaminant movement. Section 5.1 outlined the 'occurrence of contamlnatlon 

across the site in surface soil, subsurface soil, ground water, and surface 
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water. Chemicals of potential concern on site conslst 

inorganics and polycyclic aromatic hydrocarbons (PAHs 

subsurface soils; and inorganics in the ground water. 

mainly of: numerous 

) in the surface and 

5.2.1 Potential Routes of Migration 

To determine the fate of contaminants of potential concern at the slte, 

information on the physical/chemical and environmental fate properties was 

collected for site contaminants. This information is presented in Appendix G 

for selected contaminants of concern. Several of the environmental media 

studied have the potential for off-site migration, primarily surface soils and 

ground water. Subsurface solls are not likely to be at risk of transport 

off-site unless exposed by excavation. Although the subsurface soils contain 

several chemicals of concern, the mode of transport of the chemicals would be 

primarily through leaching and ground water transport. 

Contaminants in surface solls can migrate or be carried from the slte by 

surface runoff (resulting from precipitation), by the wind in the form of fine 

particulates sorbed to windblown dust, and by users of the slte via vehicle 

tires, shoes, etc. In addition, contaminants can move from the surface soils 

(leaving the soils in place) through leaching by infiltration of preclpitatlon 

and transport by ground water, and volatilization to ambient air. Finally, 

transport of contaminants to plants or animals which may potentially be 

consumed by humans is a possible route of migration. 

The sampling results have suggested that ground water has been impacted by 

the site primarily with respect to arsenic and this is evident only in the 

shallow (as opposed to deep) monitoring wells. The ground water 

investigations indicate that the site ground water flows in a southwestern or 

in a western direction depending upon the exact location on-site. There are 
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no current uses for ground water in the vicinity of the site, but the 

potential for contaminant rnlgratlon off-site is evaluated below. 

- Vapor transport would possibly affect volatile organlc compounds observed 

in subsurface soil and could potentially affect downgradient receptors after 

transport of VOCs in ground water. However, VOCs are not prevalent in 

subsurface soil or in ground water at this site. Therefore. off-site 

migration of VOCs to downgradient receptors is not likely to be an important 

exposure pathway. 

5.2.2 Contaminant Distribution and Observed Migration 

The following section examines the contaminants presence across the slte, 

(also discussed in Section 5.1), In combmation wlth the migration pathways 

(presented in Section 5.2.1), to provide an understanding of contaminant 

persistence and migration at the slte. The discussions below are presented 

with respect to specific contaminants or contaminant groupings: volatile 

organlc compounds, semi-volatlle organlc compounds, PCBs, pestlcldes, and 

~norganics. 

Inorganic Analytes 

Many metals have an affinity for soils (particularly clay particles and 

organlc matter in soils) which reduces their moblllty. Under extremes of pH, 

some metals can be rendered mobile. The presence of the inorganic analytes, 

particularly the naturally occurring elements, must be examlned in the context 

of natural background concentratlons, as presented in Table 1-1. No analytes 

appeared elevated above vs background surface soil levels but In subsurface 

soil there was a trend for elevated levels of antimony, arsenlc, cobalt and 

nickel. Although the maximum values detected of these analytes were still 
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withln the background range encountered in the U.S., the levels of arsenic 

found in subsurface soil (geometric mean = 15.4 mg/kg) are considerably higher 

- than that found in surface soil. 

All inorganics with the exception of thallium, selenium, antimony. cyanide 

and mercury were widespread in on site ground water. Comparison of inorganic 

concentrations in ground water on site to upgradient concentrations indicates 

that a potential impact has occurred elevating arsenic and perhaps also 

vanadium above background levels. In the case of arsenic, three monitoring 

wells appear to be impacted with levels exceeding background by -10 fold. In 

order to examine the potential migration of arsenic and vanadium off site, 

data from monitoring wells MW-10 and MW-11 were compared to on site ground 

water contamination trends. These monitoring well locations are located on 

the western border of the slte and represent ground water quality as it leaves 

the site. The arsenic and vanadlum levels ln these wells were low and simllar 

to the reference well, suggesting that significant off-site migration has not 

occurred for these agents. 

Volatile Organic Compounds 

Volatile organlc compounds (VOCs) were detected infrequently and at low 

concentrations in soils on slte. VOCs were also not widespread or at high 

concentrations in ground water or surface water. The principal mechanism for 

the natural removal of aromatic VOCs is through volatilization (EPA, 1979). 

Vapor pressures ( @  approximately 20°C) of the aromatic hydrocarbons range from 

1 to 362 mm Hg and Henry's Law Constants range from 3.97 x to 3.84 x 10-1 

atm-m3/mol. The role of biodegradation in the natural attenuation of these 

compounds is compound specific. Similarly the role of adsorption is compound 

specific (e.g. acetone has little tendency to be retained by soils): the 
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amount adsorbed is highly related to the amount of organic carbon in the soil 

and is represented numerically by the organic carbodwater partition 

- coefficient (Koc). The compounds wlth hlgher Koc would be preferably 

partitioned to organic matter in solls and thus would be less likely to be 

leached from the soils and transported to the ground water. Some aromatic 

hydrocarbons are highly mobile. Benzene, for example, has a moderate 

solubility (greater than 1,000 ppm) and low Koc (83 ml/g). Therefore, 

benzene, because of its tendency to volatilize and biodegrade, would be mobile 

but would not be expected to be very persistent in the environment. 

Conversely, xylenes, with thelr lower solubilities (198 ppm) and higher KO, 

(240 ml/g), would not be as mobile as benzene, but would be more persistent in 

the environment as they would tend to sorb to sol1 particles. The aromatic 

compounds were not identlfled In the surface soil samples, probably as a 

result of their volatility and biodegradation. 

Subsurface soils were demonstrated to contain low levels of toluene and 

tetrachloroethene. Both of these contaminants can blnd to soil (Koc = 

300-400), and have limited water solubility (0.5-1 mg/ml). These properties 

suggest that both compounds are not likely to leach downward through soils to 

the ground water, but rather they may perslst in the soil. 

VOCs were not present in any ground water samples. In surface water, only 

two VOCs, carbon tetrachloride and carbon dlsulflde were detected at one 

monitoring location. Based upon the low levels detected (< 26 ppb) and the 

fact that detection of these chemicals at other surface water locations or In 

other matrices did not occur, the detected levels in surface water are not 

considered highly significant from a migration or exposure perspective. 
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Seml-Volatile Compounds 

The semi-volatile compounds, particularly the PAHs, are persistent In the 

environment due to their complex chemical nature. Some of the lighter PAHs 

(fewer aromatic rings) would be subject to biodegradation or volatilization, 

but the chemical persistence generally increases with increasing number of 

aromatic rings. Semi-volatile compounds are generally characterized by hlgh 

boiling point, low vapor pressure, and low solubility (except phenols). 

The semi-volatile compounds were not prevalent on this site as they were 

detected only in surface soil and surface water. Additionally, only one 

semi-volatlle compound, bis(2-ethylhexyl )phthalate, was detected in surface 

water, and thls was at a very low concentration (1 pg/l). In surface soll, 

the levels of certain PAHs were elevated to levels (6-10 mg/kg) in excess of 

that typically expected in non-urban zones. Although these PAHs were detected 

In several locations (40-80% of those sampled), extensive contamination was 

seen only at SS-2. The presence of PAHs in surface sol1 but not subsurface 

sorl or ground water may be due to the high sorption capacity (KO, = lo4 to 

lo6 ml/g) and low water solubility of these compounds. Therefore, extensive 

migration from surface soils is not anticipated in the near future. 

Pesticides and PCBs 

In general, pesticides and PCBs have an afflnity for organics in soils 

(e.g., Koc of DDT is 243,000 ml/g), which tends to render them ~rnrnobile. In 

addition, many pesticides and PCBs are very persistent. Migration of these 

hlgh sorption, low water solubility compounds 1s very slow unless they occur 

together with solvents or oils. PCBs were not detected in any media on-slte, 

while the pesticides DDT, aldrln, dieldrin, endrin, and heptachlor were 

detected at one subsurface sol1 location at low levels (3-17 pg/kg), and not 
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in any surface soil samples. DDE was the only pesticide detected in surface 

soil, and this was at a low concentration (4.5 pg/kg), and at only one 

location. 

These data indicate that pesticides and PCBs are not prevalent and their 

sporadic appearance in surface or subsurface soils should not lead to 

substantial migration. 

5.3 Exposure Assessment . 
5.3.1 Development of Exposure Scenarios 

The most critical aspect of a technically sound exposure assessment is 

the identification of plausible exposure routes, together with the 

identification of human receptors. Based upon site ~nvestlgations and 

discussions with field personnel, the following potentlal current human 

exposure scenario was identified: 

Persons havlng access to the site (i. e. , nearby residents) may be 
potentlal receptors (especially children playing on the site or 
adults trespassing on the site) with potential exposure to 
contaminants in surface sol1 and surface water. 

Exposure to contaminants in ground water 1s not considered a realistic pathway 

for the current use because no on-site or off-site (downgradient) consumers of 

ground water exist. Further, there are no downgradient homes which could be 

impacted by the intrusion of volatile organics emanating from ground water. 

Another potential current use exposure pathway is via ingestion of 

contaminated milk products, since dalry cows graze on the site. The hazard 

potential associated with this pathway is quite low for the following reasons: 

1. Cows graze on-site early in life, before being used for dairy 
production. Once they are old enough, they are taken off-slte for 
breeding and eventual milk production. Thus, there is a period of 
at least 10 months duratlon during which contaminant levels in 
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bovlne tissues would decrease before these cows are used for milk 
production. 

2. Cows do not have access to the most contaminated locations 
on-site. The oil/water separator region has surface soil levels 
of certain polycyclic aromatlc hydrocarbons that are up to 80 fold 
greater than that found elsewhere on the site. The oil water 
separator region is surrounded by physical barriers (low walls and 
fencing) which humans could easily cross but that cows could not. 

3. Milk produced from this dairy herd is diluted by other milk 
approximately 167 fold during processing and storage (NETC, 
1991). Since the upper 90% percentile dairy consumption rate for 
adults and children (EPA, 1990b) is 0.74 and 4.13 g/kg/day, 
respectively, the amount of milk consumed from this particular 
farm is no higher than 4.4 or 24.8 mg/kg/day, respectively (0.6% 
of total milk consumption). 

4. Consumers of milk in the vicinity of the site wlll not exclusively 
consume dairy products provided by the distributor using the mllk 
in question. Many brands other than the two which use this source 
of milk exist, making lt unlikely that a consumer will solely use 
products containing milk from Tank Farm 4. 

In combmation, these factors indicate that ingestion of mllk produced by 

thls particular farmer will be very low, and that the concentratlons of 

contaminants in bovine tissues at the tlme of milking will also be low. 

Therefore, the dairy ingestion pathway is of very minor consequence at thls 

site. 

Several potential future use exposure pathways exist at 

including: 

the site, 

Construction of buildings on the slte (i.e., commerclal/lndu 
development of the site), presenting a potential for exposure of 
construction workers to site contaminants predominantly in 
subsurface and surface soil. 

Cornmercial/industrial use of the site, presenting a potential for 
exposure of employees to contaminants in sol1 and ground water. 

Residential use of the slte, presenting a potentlal for exposure 
of adults and children to site contaminants in soil and ground 
water. 
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Exposure to sediments is not quantitatively analyzed because review of the 

monitoring data determined that chemical concentrations in sediments are not 

greater or materially different than concentrations in soil, and exposure to 

soil is expected to be greater than to sediments. Therefore, the assessment 

of risks associated with soil contact is sufficient to also evaluate rlsks 

from sediments. 

Each scenario includes a particular potential "receptor population", and a 

consideration of the pathways by which those receptors may encounter 

contaminants of concern. The values and assumptions used for each exposure 

scenario were prepared in keeping with generally accepted values In the 

discipline of risk assessment (EPA, 1989; EPA, 1990); the values are not based 

on detailed time-activity studies of human behavior. 

Specific assumptions and details for each exposure scenario are presented 

in Appendix D, while the parameter values for each pathway are presented in 

Table 5-6. 

5.3.2 Exposure Scenarios Addressed in the Health Assessment 

Scenario 1 - Trespassing Scenario (Current) 

Part 1 - Adults: Appendix D of this report presents the model inputs for 

the exposure routes that trespassing on the site could potentially incur. It 

1s assumed that adults may make 350 vlslts to the site per year as part of a 

daily walking routine (e.g., an adult male is known to walk hls dog regularly 

on the site). It is asswed that each visit is an event which could involve a 

daily amount of soil ingestion and sufficient time for substantial dermal 

contact with and absorption of soil contaminants. An exposure duration of 30 

years for adults is assumed based upon the 90th percentile for length of 

residence at one location (EPA, 1989). 
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Trespassers (both adults and children) are assumed to have ready access to 

specialized regions of the slte such as the oil/water separator, and reglons 

overlaying the underground tanks. However, trespassers are not expected to 

have access, to the pump houses or the tank contents because the only polnt of 

entry (through the pump house chamber door) is securely closed. 

For dermal exposure to surface soil contaminants, ~t is assumed that 

adults have a standardized contact rate with sol1 of 500 mg/day (EPA, Reglon 

I, 1989). The percent dermal penetration of contaminants adsorbed to soil 

varles wlth the type of chemicals. For volatile organlc chemicals, the dermal 

absorption factor is 50%, while for semi-volatlle organlc compounds thls 

factor is set at 5% except for low sorptlon pesticides (50%). Metals and 

other inorganic compounds are not expected to be absorbed dermally to an 

extent that could make a substantial contribution to rlsk. 

In addition to dermal exposure, adults are also expected to recelve 

exposure to soil contaminants by ingestion. It is assumed that adults wlll 

inadvertently ingest 100 mg soll/day, wlth 100% of that occurring on slte, and 

that all contaminants In sol1 wlll be completely absorbed from the 

gastrointestinal tract. The mechanisms for inadvertent sol1 lngestlon lnclude 

hand to mouth contact after contamination of hands from touching dlrty 

clothing, shoes, pets or sol1 ~tself. 

Adults may contact surface water and thus recelve dermal exposure to 

contaminants in surface water. However, adults are not expected to have 

extensive recreational use for the streams on-slte, and so no surface water 

ingestion from incidental exposure (splashing, irnrnerslon) 1s expected. As a 

conservative estimate, adults are modeled to contact surface water on each 

visit to the site during warm weather months (May-September) for a total of 

150 eventslyear. 
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Part 2 - Children: Appendlx D presents the model Inputs for the exposure 

routes associated with children trespassing and playing on-site. It 1s 

assumed that children living within the immediate vlcinity of the site may 

trespass onto it up to 350 days per year, as part of their normal play 

activities. Although the entire slte is fenced, evldence of trespasser 

activity has been found. Therefore, children may recelve dermal and ingestion 

exposures to contaminants in soil and surface water. 

Children would be anticipated to spend only short periods of tlme on-slte 

after school in the wintertime, but considerably more time could be spent 

on-site on weekends, and during summer vacation. However, as an upperbound 

assumption, all visits to the slte are considered to involve the daily level 

of soil ingestion (100 mg/day) and would be of sufficient duration to allow 

for substantla1 dermal contact with and dermal absorption of sol1 

contaminants. Children are not llkely to enter the slte on a regular basls 

and wlthout adult supervision before the age of 6 years due to the barrlers to 

gaining access to the site (fencmg, distance from residences). However, Tank 

Farm 4 is closer to residences than are other NETC sltes and so the age at 

which children may enter the site 1s younger at thls slte (6 years) than at 

the others (9 years). Regular exposures of this nature are not expected 

beyond the age of 18 years because of changes In the use of recreational 

time. Therefore, the exposure duration for chlldren at this slte is set at 12 

years . 
Play activities are expected to involve contact with soil and surface 

water. Chlldren can play In a stream on-site and thus receive dermal and 

ingestion exposure to contaminants in surface water. The exposure perlod 

associated with surface water is assumed to be 4 hours/day, due mostly to 

clothing staying wet after water actlvltles have ended. Ingestion of surface 
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water will be unintentional and very low. As an upper bound, the amount of 

water ingestion that could be incurred while swimming (50 ml/hour) was assumed 

- to occur for children at this site for a 1 hour perlod. 

Although children are presumed to enter the slte 350 days per year, only 

150 surface water exposure events per year are modeled. This is because 

extensive water play is anticipated only for the warm weather months 

(May-September) . 
For dermal exposure to soil, children are assumed to have a standardized 

contact rate with soil (500 mg/day; EPA, Region I, 1989), and dermal 

penetration of contaminants is modeled as described above for adults. 

Children are modeled to ingest sol1 at a rate of 100 mg/day and absorption of 

soil contaminants after ingestion is assumed to be 100%. 

Scenario 2 - Construction Scenario (Future) 

Appendix D presents the model equations for the exposure routes that 

construction workers involved In site development could potentially 

encounter. Excavation and slte preparatlon activities could cause workers to 

receive inhalation exposure to contarnlnants in dust, as well as dermal and 

ingestion exposures to contamlnants in soil. It is assumed that a single 

construction crew is engaged in the construction of one comrnercral/industrial 

complex, wlth excavation and slte preparatlon activities lastlng for a 1 year 

period (250 work days). It is also assumed that remedlation of contaminants 

would not occur prior to the future occupancy of the site (Residential or 

Commercial/Industria1 Use Scenarios). The inhalation rate for workers (20 m3 

per 8 hour work shift) is based upon men undergoing moderate exertion, and 

dermal exposure is based upon the standardized dermal soil contact rate (500 

mg/day). The soil ingestion rate is set at 480 mg/day which 1s suitable for 

adults who have extensive contact with soil (EPA, 1991). 
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Scenario 3 - Comrnercial/Industrial Scenario (Future) 
Future use of the site may involve an cornmercial/industria1 use with 

workers present 5 days per week, fifty weeks per year for 25 years. Adult 

employees could become exposed to soil contaminants through enterlng and 

leaving the site and due to lunchtime outdoor activities (walks, eating 

lunch). Soil ingestion is modeled to occur at a rate of 50 mglday, (EPA, 

1991), while dermal exposure to soil is assumed to occur at a rate of 500 

mg/day. Ingestion of ground water is modeled to occur at a rate of 1 

liter/day since only a portion of the dally water ingestion will occur while 

on-site. Contact with surface water is not assumed to occur because these 

receptors are not using the site in a recreational manner. 

Scenario 4 - Residential Scenarlo - Children and Adults (Future) 

A future use residential scenarlo was constructed to evaluate the posslble 

risks associated with reslding on the site given the levels of contamination 

that currently exlst. 

Appendlx D presents the model inputs for the exposure routes that children 

and adults who live on slte mlght receive. Children, aged 0-6 years, and 

adults are modeled to receive exposures through soll/house dust ingestlon. 

dermal contact with soil based upon a standardized contact rate wlth sol1 (500 

mg/day), inhalation of contaminants in dust outdoors from wind eroslon, 

inhalation of volatile organic compounds released mto bathroom air during 

showering, and ingestion of contaminants in drlnking water. Dermal contact 

with contaminants in water during bathing is not considered to be a major 

potential exposure route (EPA, Region I. 19891, and 1s thus not modeled. 

These exposures are assumed to occur on 350 days/year for 6 years for chlldren 

and 30 years for adults. The time period for exposure to fugitive dust 1s 24 
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hourslday as an upperbound estimate since some dust particles will be 

transported indoors. The exposure period for bathing is 12 minuteslday. 

Children are assumed to ingest 756 ml water and 200 mg of soil/house dust per 

day, while for adults, the values of 2 liters of water and 100 mg soillday are 

used. 

5.3.3 Estimating Environmental Concentrations 

All exposure point concentrations used in assessing receptor dose were 

calculated as specified in Supplemental Rlsk Assessment Guidance for the 

Superfund Program (EPA, 1989a). 

The contaminant concentration used In the evaluation of on-site health 

risk was calculated using the geometric mean method as specifled by EPA Region 

I (EPA, 1989a). Because the majorlty of the data collected showed a log 

normal distribution, a geometric mean was calculated rather than an arithmetlc 

mean for all medla on all sites In this rlsk assessment. The geometric mean 

value is typically somewhat lower than the arithmetlc mean. However, the 

exposures are calculated based upon the maxlmum concentration of an agent 

detected on-site, as well as for the geometric mean concentration. Therefore. 

the assessment encompasses the mean level of exposure and risk (average case) 

and also the upper bound (worst case). 

As indicated in the data evaluation section, non-detect values were 

included in the calculation of exposure point concentrations i . . ,  sol1 

concentrations) either as one-half the SQL or as the SQL itself. These 

non-detected values include detection limits mdicated by a "U" qualifier. In 

general, SQL's were evaluated in light of detection limits and quantifiable 

("hits") concentrations of each contaminant. SQLs were independently analyzed 

and they were incorporated Into the quantitative analysis only in those cases 
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in which the compound was detected in the matrlx under consideration or In 

related matrices. 

5.3.4 Evaluating Uncertainty In the Exposure Analysis 

Table 5-7 summarizes the assumptions and parameter values used to estimate 

exposure (l.e., soil ingestion rate, exposure frequency, etc.). 

The exposure estimates produced for each receptor in each scenario are 

based on numerous variables wlth varying degrees of uncertainty. This 

discussion will focus on these parameters, and the associated range of 

uncertainty. Table 5-6 is separated lnto those parameters which apply to all 

four scenarios (i.e., global variables), and those which apply specifically to 

an indlvldual scenario. 

Global Variables (Scenarios 1-4) 

Table 5-7 lists the parameters and associated values which are used in 

each of the three scenarios. Body welght ranges for children (age 6-18 years) 

were derived from EPA (1990b). The actual value used (43.2 kg) represents an 

average body weight for this group. Similarly, for chlldren ages 0-6 and 

adults (18-65 years), a range of body welghts is presented, along wlth the 

average body weight (14.5 kg and 70 kg, respectively) for the group. While 

there is a range of body weights for each age group, these ranges are not 

large, and are not expected to contribute a signlflcant degree of uncertainty 

to this assessment. 

The exposure durations (ED) used for Scenarios 1 and 4 were separated into 

categories for children and adults. For Scenario 1, chlldren were assumed to 

spend a duration of twelve years at the site, based upon the age range of 

children likely to trespass onto the slte. In theory, this duration mlght 
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range from 1 to 18 years, however, it 1s unlikely that chlldren younger than 6 

years of age would visit the slte. For Scenario 4, chlldren ages 0-6 were 

- expected to spend the entire slx year time frame on slte. The value used is 

the high end of the proposed range (1-6 years). For Scenarios 1 and 4, adults 

were assumed to have an ED equal to 30 years, which is the national 

upper-bound (90th percentile) tlme at one residence. The ED range is 1-70 

years, which spans the expected lifetime. Finally, construction workers 

(Scenario 2) were expected to have an ED of 1 year, based on the amount of 

time spent building an commerc~al/industrial facility at the site. 

The ranges associated with ED are only large when considering adults. 

However, the values used are expected to provlde conservative estlmates and 

overstate the potential risk. 

Averaging time (AT) whlch is a pathway specific perlod of exposure for 

non-carcinogenic effects, calculated as a product of exposure duration (years) 

and the number of days/year, 1s dependent on exposure duration, whlch was 

discussed above. AT is not expected to lend a large degree of uncertainty to 

the exposure estlmates. 

The ranges of absorption factors (AF) for organlc and inorganic compounds 

vary from no absorptlon (0) to complete absorptlon (1). This range 1s likely 

to contribute a large degree of uncertainty to the exposure estlmates. The 

values chosen for AF are representative for classes of compounds. 

The permeability constant (PC) for each chemlcal exposed vla dermal 

contact with water was assumed to be equal to the penetration rate of water, 

rather than on a compound speciflc basls. Thus, PC may lend a degree of 

uncertainty in that some compounds wlll not readily penetrate skln, while 

others will penetrate at a rapid rate. 
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The rate of dermal contact wlth sol1 was assumed to be 500 mglday, 

regardless of the activity or receptor. This value is based upon a relatively 

small percentage of the total skln surface area exposed to sol1 contact (1,000 

cm2 or -6% for adults and 8% for children). This may be a large underestimate 

for certain scenarios (e.g., construction workers), particularly at certain 

times of the year. However, this may be a reasonable approximation on an 

annualized average basis. The uncertainty surrounding this value is large, 

possibly spanning an order of magnitude. 

The fraction of soil ingested (FI) from the site ranges from 0-1. As a 

highly conservative estimate, and based on an event-based approach, it was 

assumed that all soil ingested came from the site. 

Finally, concentrations of contaminants in all media were presented as a 

geometric mean or as the maximum detected concentratlon. For some chemicals 

the range of potential concentrations across the site 1s large, introducing a 

high degree of uncertainty to the exposure estimates. Since in many cases, 

"U" data were incorporated lnto the mean values and "UJ" data were 

incorporated into the mean and maxlmum values, the data do not reflect 

actually detected levels, but a cornblnatlon of actually undetected and 

potentially present levels. Thls way of handling uncertainties regarding 

exposure concentrations welgh the quantitative assessment towards greater 

conservatism. 

Scenario 1 - Trespasser Scenario: Current Use 

The exposure frequency (EF; days/year) may range from 1 to 365, whlch may 

introduce a large degree of uncertainty. The value used (350 days for 

children and adults) was based on available free time (away from work, school, 

etc. ) when local residents are not away from the reglon (e.g., not on 
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vacation). It is assumed that adults may make 350 visits to the site per year 

as part of a daily walking routine (e.g., an adult male is known to walk his 

dog regularly on the site). This is an upperbound estimate since illness, bad 

weather and other limitations would likely lower the number of visits. 

Exposures to surface water are unlikely to be any greater for children and 

adults than that modeled. However, lower estimates of EF which may be more 

likely are not available and so it is prudent to use values reflecting the 

maximum possible exposure during the warmer months. The soil ingestion rate, 

100 mg for 6-18 year old children and adults is a reasonable mean value for 

these groups. In certain situations, these values could be much higher (e.g., 

pica children) but using such extreme values would not present a conservative 

but reasonable estimate of population risk. 

Scenario 2 - Construction Exposure: Future Use 

Of the pathways presented in Table 5-7, the inhalation of fugitive dusts 

is expected to present the largest degree of uncertainty to the exposure 

estimates. This is because exposure concentrations must be modeled rather 

than taken from actual site measurements. Exposure point concentrations 

available for the site include concentrations in soils, sediments and water. 

However, airborne concentrations of contaminants 1 .  volatilization, 

fugitive dusts) which could occur due to future construction activities are 

not possible to measure currently, and so exposure point concentrations must 

be modeled. Names and citations for the transport models used to estimate 

exposure point concentrations from laboratory measurements of field samples 

are given in Appendix D. As a caveat, it is always more accurate to have data 

for exposure point concentrations in the medium of concern at the exposure 

point of concern, and the use of transport models represents a good faith 
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attempt to estimate unknown values from known values. However, the use of the 

models does introduce uncertainty into the results. Of the remaining 

- parameters, the range for volume inhaled during the work shift is large. The 

value used is likely to over-predlct exposure because rt assumes continuous 

moderate-to-heavy exertion during the entire work shift without any 

stoppages. The level of soil Ingestion used for construction workers is at 

the upper end of that conceivable for adults, making it likely that the 

exposure dose from this pathway will not be underestimated. 

Scenario 3 - Comrnerc~al/Industria1 Scenario: Future Use 

Workers at a commercial/industr~al facility built on the slte may be 

exposed to contaminants according to the parameters llsted in Table 5-7. 

Exposure parameter values were selected to be lower for thls scenario than for 

the future use/residential scenario because these workers would spend less 

tlme on the site, and are not expected to have any recreational use for the 

site. The parameter values chosen are not expected to Introduce a large 

degree of uncertainty as conservative but reasonable values were selected and 

the likely parameter value ranges are not very large. 

Scenario 4 - Residentlal Scenario: Future Use 

Of the pathways presented In Table 5-7, inhalation exposures to amblent 

dust and VOCs emanating from tap water are expected to present the largest 

degree of uncertainty. This is because exposure concentrations for these 

pathways could not be directly measured. Exposure point concentrations 

available at Tank Farm Four lnclude concentrations in soils, sediments and 

water. However, airborne concentrations of contaminants (i.e., 

volatilization, fugitive dusts) whlch might occur in the future could not have 
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been measured in the field sampllng program thus exposure point concentrations 

must be modeled. Names and citations for the transport models used to 

- estimate exposure point concentratlons from laboratory measurements of field 

samples are given in Appendlx D. As a caveat, it is always more accurate to 

have data for exposure point concentrations In the medlum of concern at the 

exposure point of concern, and the use of transport models represents a good 

faith attempt to estimate unknown values from known values. However, the use 

of the models does introduce uncertainty into the results. Other exposure 

parameters are not expected to introduce major uncertainties lnto the 

quantitative assessment, and values were chosen to represent that which is 

most likely. 

5.4 Toxicity Assessment 

Appendix F of this report presents a short description of the toxic 

effects of each chemical of concern, lncludlng a summary of the dose-response 

information pertinent to quantltatlve risk assessment, as available. 

Furthermore, Tables F-1 through F-4 present a summary of toxlclty values 

assoclated wlth chronic and subchronlc noncarclnogenlc effects, for the oral 

and inhalation routes, respectively. Tables F-5 and F-6 summarize the slope 

factors assoclated wlth potential carcinogenic effects of chemicals of concern 

by the oral and inhalation routes, respectively. 

5.5 Risk Characterization 

5.5.1 Quantitative Risk Assessment 

For potential carcinogens, risks are estlrnated as probabllitles. The 

compound-specific potency factors for carcinogens are generally estlrnated 

through the use of mathernatlcal extrapolation models (e.g., the linearized 
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multistage model). These models estlmate the largest possible llnear slope, 

within a 95% confidence interval, at low extrapolated doses. Thus, the 

potency factor is characterized as a 95% upperbound estimate, such that the 

true risk is not likely to exceed the upperbound estimate and may be lower. 

The evaluation of risk from noncarcinogenic health hazards is based on the 

use of RfDs (EPA, 1990; EPA, 1989a). RfDs are estimates of daily exposure to 

the population (including sensitive subpopulations) that are likely to be 

without appreciable risk of deleterious effects for the defined exposure 

period. The RfD is calculated by dividing the no adverse effect level (NOAEL) 

or lowest observed adverse effect level (LOAEL) derived from animal or human 

studies by an uncertainty factor, which 1s multiplied by a modifying factor. 

RfDs incorporate uncertainty factors whlch serve as a conservative downward 

adjustment of the numerical value and reflect scientific judgement regarding 

the data used to estimate the RfD. For example, a factor of 10 is used to 

account for variations in human sensitivity 1 . .  to protect sensitive 

subpopulations) when the data stems from human studies involvmg average, 

healthy subjects. An additional factor of 10 may also be used for each of the 

following: 

extrapolation from chronlc animal studles to humans, 

extrapolation from a LOAEL to a NOAEL, and 

extrapolation from subchronic to chronic studies. 

Finally, based on the level of certainty of the study and database, an 

additional modifymg factor (between zero and ten) may be used. 

The results of the quantitative risk analysis are presented In two basic 

forms. In the case of human health effects associated wlth exposure to 

potential carcinogens, risk estimates are expressed as the lifetlme 
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probability of additional cancer risk associated with the glven exposure. In 

numerical terms, these are presented in scientific notatlon in this report. 

Thus, a lifetime risk of 1E-04 means a lifetime incremental risk of one in ten 

thousand; a lifetime risk of 1E-06 means an incremental lifetime risk of one 

in one million and so on. 

In the cases of exposure to non-carcinogens, the Hazard Index Ratio 1s 

used. As noted in previous sectrons, the fundamental principles used to 

construct the RfD utilized in calculating the Hazard Index Ratio are 

predicated on long term or chronic (usually measured in years) exposures and 

health effects. However, the RfD used was either the RfD derived from chronlc 

studles (RfD,) or the RfD which was derlved from subchronic studles (RfDs). 

Wherever possible, the RfD was matched to the type of exposure (chronic vs 

subchronic) such that in scenarios involving subchronlc exposures (e.g., 

construction), the RfD, values were used, and those scenarios involving 

chronlc exposure (trespasser, commercial/industrial use, resldentlal use), the 

RfDc values were used. 

Cancer and non-cancer health rlsks are discussed below for trespasser 

(current use), construction (future use), and residentlal or 

cornrnercial/industria1 (future use) scenarios. Wlthln the trespasser and 

residential scenarios, the risks to children (6-18 years old, 

trespasser/recreational scenario: 0-6 years old, residential scenario) and 

adults are presented separately. In each case, dally doses of the compounds 

of concern have been calculated for each exposure pathway modeled, and these 

doses were then used to calculate cancer risk levels and hazard index ratlos. 

Cancer rlsk levels are the llfetime probablllty of excess cancer due to the 

exposure pathways emanating from use of the slte. Cancer rlsk levels are 

derived by multiplying exposure dose by the appropriate cancer slope factor 
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for each compound and exposure route. Non-cancer health risk is quantitated 

by the hazard index ratio whlch is the ratio of the exposure dose to the RfD 

- 
(both in mg/kg/day). The calculated level of cancer risk can be compared to 

the acceptable total site risk range ((1E-04 to 1E-06) for evaluating the need 

for remediation, as stated in the "National Oil and Hazardous Substances 

Pollution Contingency Plan, Final Rule" (EPA, 40 CFR Part 300, March 8, 1990) 

and in the Superfund Human Health Evaluation Manual (1E-04 to 1E-07) (EPA, 

1989). Regarding non-carcinogenic health hazards the Superfund Human Health 

Evaluation Manual (EPA, 1989) states that: 

"When the total hazard lndex for an exposed individual or group of 
individuals exceeds unity, there may be concern for potentla1 
non-cancer health effects." 

Thus, the cancer risk and hazard index ratlos that constitute a concern are 

>1E-04 and >1E+00, respectively. Tables 5-8 through 5-15 summarize cancer 

risk levels and hazard index ratios for all scenarios. 

Cancer risks and hazard index ratios are presented in subsequent sectlons 

for each scenarlo and pathway analyzed. These rlsk levels are presented as a 

range in which both the average case value (geometric mean chemlcal 

concentrations) and the worst case value (maxlmum concentration found on-slte) 

are provided. In certain cases, the geometric mean rlsk value may actually be 

greater than the maximum risk value because "U" data were Included In the 

geometric mean at one-half the SQL, but "U" data were not included in the 

formulation of maximum values. Thls is because it is inappropriate for the 

maximum risk found on-site to be driven by non-detected values. The maximum 

values do include "UJ" qualified data at the full SQL. Thus, In those cases 

where a high SQL for a non-detect is greater than any of the detected levels. 

it is posslble for the geometric mean risk to exceed the maximum rlsk. 
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Scenario 1: Trespasser Scenario (Current): Cancer Risks and Hazard Index 
Ratios 

Children 

Tables 5-8 and 5-9 summarize the cancer risks and hazard lndex ratlos for 

all exposure pathways considered. These tables present risks on a 

chemical-by-chemical basis so that the malor factors which drive the rlsk can 

be readily ascertained. 

Exposure of children to contaminants while playlng on-site is associated 

with a total cancer risk of 1.8E-05 (average case) to 5.43-05 (worst case) 

which is within the acceptable risk range. The predominant factor 

contributing to thls risk 1s ingestlon of soil contaminants, which is 

responsible for nearly all of thls rlsk. No slngle sol1 contaminant provldes 

a major portion of the rlsk, but arsenlc is responsible for la%, a variety of 

PAHs combine to contribute 50%, and the nltrosamlne N-nitroso-dl-n-propylamlne 

contributes 15%. 

It is noteworthy that N-nitroso-di-n-propylamine was not actually detected 

in surface sol1 but was incorporated lnto the quantitative assessment because 

of "UJ" qualified data. The other major contributors to ingestion rrsk were 

actually detected in surface soil. 

Other exposure pathways for chlldren In the current use scenario combined 

to contribute 1E-06 (average case and worst case) to cancer rlsk. 

Trespassing/play activities by children on-slte are associated with a 

total hazard index ratio of 1.OE-01 in the average with the worst case ratio 

not materially hlgher (1.4E-01). These values are below the target HI level. 

The pathway of most importance to the HI 1s soil ingestlon (HI = 8.4E-02, 

average case), and of the chemicals In soll, only thallium, arsenic, and 

antlmony posed a risk as high as 1E-02 (average case). However, thallium was 
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not actually detected in soil, but was present in the analysis due to "UJ" 

qualified data. 

The other exposure pathways (dermal exposure to soil and dermal and 

ingestion exposure to surface water), in combmation, contribute 4E-03 

(average case) to the HI. 

Adults 

Tables 5-8 and 5-9 summarize the cancer risks and hazard index ratios for 

all exposure pathways considered. 

Adults trespassing on the site on a dally basis would experience a total 

cancer risk of 2.8E-05 (average case) to 8.2E-05 (worst case) whlch 1s withln 

the acceptable risk range (1E-06 to 1E-04). As for trespassing by children, 

the vast majority of the risk for adults is derived from the soil ingestion 

pathway. In the average case, lngestlon of arsenic in sol1 is responsible for 

a cancer risk of 5E-06 while ingestion of carcinogenic PAHs In sol1 

contributes a total risk of 1E-05. N-nitroso-dl-n-propylamine contributed 

4E-06 to average case cancer risk, but this rlsk is based solely upon "UJ" 

qualified data. The other pathways for adult risk in combination contributed 

2E-06 (average case). 

Use of the site by adults during trespassing 1s associated with a total 

hazard lndex ratio of 5.5E-02 (average case) to 6.9E-02 (worst case) which 1s 

below the upper limit of acceptable HI. Nearly all of the HI comes from 

ingestion of contaminants in soil. However, as for children, thallium is a 

major contributor to the HI (2E-02, average case) and this chemical was not 

definitively identified In surface sol1 but was included because of "UJ" 

qualified data. 
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Scenario 2: Construction Use Scenario (Future): Cancer Rlsks and Hazard Index 
Ratios 

Table 5-10 summarizes the cancer risks associated wlth all chemicals and 

exposure pathways included in this scenario. The total cancer risk level is 

2.9E-06 (average case) to 4.7E-06 (worst case), which is withln the acceptable 

risk range (1E-06 to 1E-04). Ingestion of arsenic and PAHs combine to form 

the majority of this risk, while dermal exposure to soil and inhalation of 

dust-borne contaminants make only minor contributions. 

Table 5-11 presents the hazard index ratios for all chemicals and exposure 

pathways. The total HI is 1.9E-01 (average case) to 2.7E-01 (worst case), 

which 1s below the level of concern for non-carcinogenic effects. The pathway 

making the largest contribution to HI is sol1 ~ngestlon, as dermal exposure 

and inhalation exposures account for only 2% of the HI (average case). 

Chemicals of most Importance to the sol1 ingestion pathway are metals: 

antlmony (40% of HI), arsenic (25% of HI), and manganese (10% of HI). 

Cancer risk levels are lower for construction workers than for receptors 

in other scenarios because construction workers will be on the slte for 

considerably less tlme than other receptors. However, the HI levels are 

slightly higher for construction workers because the dose used to calculate HI 

1s averaged over the exposure period, not the lifetime, and because 

construction workers are modeled to ingest considerably more soil than other 

receptors. 

Scenario 3: Commercial/Industria1 Use Scenario (Future): Cancer Risks and 
Hazard Index Ratios 

Table 5-12 presents the cancer risks for each compound and each exposure 

pathway associated with the future cornmercial/~ndustr~a1 use of the site. The 

total cancer risk for adults working in on-site buildings is 1.3E-04 (average 
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case) to 2.9E-03 (worst case). The worst case rlsk level is well above the 

acceptable risk range (1E-06 to 1E-04) but in the average case the level is 

borderline. The predominant contributor to cancer rlsk is ingestion of 

drinking water containing arsenic (-70% of total risk) and beryllium (-14% of 

total risk). Other carcinogens (volatile or semi-volatile agents) were not 

detected in ground water. Soil ingestion is associated wlth a total pathway 

risk of 7.6E-06 (average case), due primarily to PAHs and arsenic in soil. 

Dermal exposure to soil did not contribute substantially to risk. 

Table 5-13 presents the hazard index ratios for each pathway and exposure 

parameter. The total HI is 1.9E+00 (average case) to 1.3E+01 (worst case), 

nearly all of which is caused by ingestion of inorganics in drlnklng water. 

The major contributors to this drlnking water risk are thalllum (-50% of HI), 

antimony (30% of HI), arsenic (10% of HI) and manganese (20% of HI). It is 

important to note that the largest contributor to HI, thallium, was not 

actually detected in ground water, but was lncluded In the assessment becauss 

of "UJ" qualified data. Addltlonally, it should be noted that ground water 1s 

not used as a potable source in the area of Tank Farm Four. 

Scenario 4: Residential Use Scenario (Future): Cancer Risks and Hazard Index 
Ratios 

Children 

Table 5-14 presents the cancer risks for each compound and each exposure 

pathway associated with future residential use of the site. The total cancer 

risk for children residing on slte 1s 2E-04 (average case) to 3.7E-03 (worst 

case), which is above the acceptable risk range (1E-06 to 1E-04) in both the 

average and worst cases. The pathways of most importance are ingestion of 

arsenic and beryllium in drlnking water with volatiles, seml-volatlles and 

pesticides not contributing to risk because they were not detected In 
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monitoring wells. Additionally, the combined lngestion of carclnogenlc PAH 

compounds and arsenlc present in soil cause a combined risk of 5E-05 (average 
- 

case) to 2E-04 (worst case), whlle other compounds and pathways make only 

minor contributions by comparison. 

Table 5-15 presents the hazard index ratios for each compound and exposure 

pathway. The total HI for children is 1E+01 (average case) to 6.5E+01 (worst 

case), which is above that which may constitute a concern (>1E+00) in both the 

average and worst cases. The most important component of the HI 1s ingestion 

of metals in drinking water including thallium (HI = 7E+00, average case), and 

manganese (HI = 1E+00, average case). It is lmportant to note that the 

drivlng force for elevation of the HI 1s thallium, whlch was not actually 

detected in ground water, but was Included in the assessment due to "UJ" 

qualified data. However, in the worst case, arsenlc makes an lmportant 

contribution to the HI (2E+01). No other pathway produced an HI level of 

concern, although the total HI for soil lngestion is 5.1E-01 to 6.9E-01 

(average and worst case, respectively). 

Adults 

Table 5-14 presents the cancer risks for each compound and each exposure 

pathway. The total cancer risk for adults residlng on site is 4.3E-04 

(average case) to 9.8E-03 (worst case), which is above the acceptable level 

(1E-06 to 1E-04) in both the average and worst cases. The major contributor 

to this risk is ingestion of arsenic and beryllium In drlnking water, which 

accounts for over 90% of the total cancer risk. Other pathways which 

contribute substantially to the cancer risk are ingest~on of arsenic and PAHs 

in soil (risk = 3E-05, average case). No cancer rrsk was caused by the 
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inhalation of VOCs emanating from tap water since no VOCs were detected in 

ground water. 

Table 5-15 presents the hazard index ratios for each compound and exposure 

pathway. The total HI for all pathways is 5.4E+00 (average case) to 3.5E+01 

(worst case), which is greater than the target value of 1E+00 for HI in both 

the average and worst cases. Ingestion of chemicals in tap water, most 

importantly thallium and manganese, accounted for the vast majority of the 

HI. As pointed out above, the importance of this HI is uncertain due to the 

fact that the compound contributing most was not actually detected in ground 

water. However, in the worst case, arsenic dld make a major contribution to 

HI (1E+01). No other exposure route had an elevated HI (1.e.. >1E+00). 

Summary of Cancer and Non-Cancer Health Rlsks 

This site currently contains elevated levels of certain key toxicants, 

which are responsible for drivmg the risk assessment. The future use 

residential and commercial/industrial scenarios were associated with the 

greatest cancer risk and HI levels, due largely to the ingestion of ground 

water (as tap water) which was absent from the other scenarios. Additionally, 

the continuous and prolonged (350 days/year for 6 or 30 years) exposure to 

surface soils (dermal and ingestion) in the residential scenario caused risks 

to be higher in this scenario than in the others. Inhalation and dermal 

exposures to contaminants in soil, surface water or tap water were not malor 

exposure pathways. 

The chemlcal in ground water causing the greatest cancer risk is arsenic. 

Arsenic also increases cancer risks due to sol1 ingestion to levels as high as 

2E-05 (children in residential scenario, worst case). Arsenic is a group "A" 

carcinogen, whose carcinogenic effects are most notable in the skin after oral 
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absorption. While the arsenlc oral slope factor for carcinogenic effects is 

based upon the evidence of human skin cancer, arsenic exposure by the oral 

- route has also been associated with elevated cancer incidences in bladder, 

lung, liver, kidney and colon (EPA, 1991 - IRIS File). The carcinogenic 

potency of arsenic upon dermal exposure has not been quantitatively evaluated 

and for this assessment, dermal exposure to arsenic was assumed to not 

contribute to the risk of skin cancer. Arsenlc also makes substantial 

contributions to hazard index ratlos due to its potency In causing changes In 

skin (hyperpigmentation, keratosis) (EPA, 1990 - HEAST). However, arsenic 

made contributions to the HI greater than 1Et00 only under worst case 

conditions In which it was assumed that residents or workers would be exposed 

solely to the maximum arsenic concentration detected in ground water. Thls 

arsenic concentration (0.45 mg/l) 1s 32 times greater than the geometric mean 

arsenic ground water concentration. 

Manganese exposure in tap water elevated the HI for both adults and 

children, particularly ln the worst case. The effect of concern for manganese 

1s CNS damage, which has been demonstrated in humans occupationally exposed 

via the inhalation route. In these studles, lnternal organ effects for 

manganese, most notably llver clrrhosis, have also been seen upon chronic 

inhalation occupational exposure. Manganese 1s a trace element for which the 

typical dietary dose is 2-9 mglday. A dose of 10 mg/day is considered safe 

(EPA, 1991 - IRIS flle). Substantial exposure in drinklng water could elevate 

the dose to a level of concern, particularly because manganese absorption from 

drinking water 1s more efficient than that from the diet. 

Other contributors to cancer risk at this slte are PAH compounds present 

in soil. Seven carcinogenic PAH compounds, including benzo(a)pyrene, were 

detected on-site and included in the quantitative risk assessment. All were 
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assigned the cancer slope factor derlved for benzo(a)pyrene, which is among 

the most potent members of this chemical class. Most carcinogenic members of 

this class have been shown to induce skln cancer upon topical adminlstratlon, 

while the more heavily studied agent, benzo(a)pyrene, has also been shown to 

cause lung and stomach tumors (ATSDR, 1990). The cumulative cancer rlsk 

associated with this group of chemicals was small in relation to arsenlc; the 

highest risk for a particular receptor was 1E-04 (residential scenario - 
children: soil ingestion, worst case). Dermal cancer risk was not calculated 

because of uncertainty regarding the carcinogenic potency of these agents by 

the dermal route. However, given the preponderance of evidence in rodents 

that these agents are carcinogenic by dermal exposure, it is likely that thls 

analysis underestimates the cancer risk due to PAH compounds present in soll. 

The mcrease in cancer risk that could be associated with dermal exposure to 

PAHs is not likely to be large since the dermal dosage to these agents was 

generally lower than that recelved vla oral exposure. Thus, the oral exposure 

risk from PAHs in soil is llkely to be substantially greater than the dermal 

exposure rlsk. 

The major driving force in cancer risk in this rlsk assessment, ingestion 

of arsenlc is ground water, is driven by hlgher than background concentrations 

of arsenlc in ground water (see Sectlon 5.1). Elevated arsenic was detected 

at 3 of 10 monltoring wells wlth concentrations at the apparently lmpacted 

sites in shallow ground water approximately 10-20 fold greater than 

background. Therefore, elevation of arsenic in ground water appears to be the 

major risk factor that is possibly attributable to the site. 

An additional risk factor is the elevation of PAH compounds to levels of 

6-10 mglkg at one particular surface soil location (vicinity of the oil/water 

separator). These PAH concentrations are likely due to the historic use of 
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that portion of the site, and they make a major contrlbutlon to soil Ingestion 

risk. However, PAH levels across the rest of the slte (at those locations 

sampled) were not nearly thls high suggesting that the extent of PAH 

contamination of surface soil 1s very limited. 

5.6 Qualitative Analysis of Risks 

Selected compounds (see Table 5-5) are addressed qualltatively rather than 

quantitatively because these compounds were lacking cancer slope factors or 

RfD values. 

It is not possible to mclude these compounds in the quantitative 

analysis, and instead, the posslble affect they could have on the assessment 

is discussed qualltatively. The toxicity assessment chemical proflles 

(Appendix F) discusses the toxlc properties of these agents. 

Pertinent issues for selected chemicals detected on-site are discussed in 

more detail below. 

Inorganic Compounds 

The inorganic compounds aluminum, cobalt, lead, and nlckel were detected 

In various matrices (soil, ground water) but RfD or cancer potency factors are 

not available to quantitate risks. 

Aluminum was present ln sol1 at a geometric mean value of 5,816 mg/kg and 

the maximum value was 12.200 mg/kg. These values are below the U.S. 

background mean level of 81,300 mg/kg. Similarly, aluminum levels in ground 

water did not exceed the background level for this slte. Since alumnun is an 

important dietary constituent and lt was not present at elevated 

concentrations on-slte, it does not appear that the lack of an RfD for 

aluminum substantially affects the outcome of the risk assessment. 
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Cobalt was present In solls at a geometric mean of 9 mg/kg and a maxlmum 

value of 19 mg/kg. These values are slmllar to background U.S. levels (mean = 

- 9 mg/kg; range is <3-70 mg/kg). Further, cobalt levels in ground water 

on-site were not elevated relative to the background monitoring well. 

Therefore, no slte-related excessive risks due to cobalt would occur if an RfD 

were available. 

Nickel was present In soil at a geometric mean level of 14 mg/kg and the 

site maximum was 27 mg/kg. These soil levels are comparable to U.S. 

background levels (mean = 11 mg/kg; range is 5-700 mg/kg). Additionally, 

nickel levels in on-site ground water were not elevated above that found in 

the background monitoring well. Nlckel 1s a carcinogen by the lnhalation dose 

route but it has lacked carclnogenlc actlvity by the oral route. Therefore, 

the risk due to oral exposure to nickel at this site, whlle not quantlflable. 

should not cause a substantial change ln the outcome of the rlsk assessment. 

The lnhalation risk due to nlckel exposure in fugitive dusts was quantified in 

the assessment. 

Lead was detected at uniformly low levels across the site (geometric mean 

= 18 mg/kg; maximum in sol1 = 40 mg/kg). Lead is generally not given an 

in-depth risk evaluation at these low environmental levels, especially slnce 

other sources of lead (palnt, plumbing, dietary sources) could be of greater 

importance. 

Volatile Organic Compounds 

The only VOCs detected on-slte were carbon tetrachloride and carbon 

disulfide in surface water, and toluene and tetrachloroethene In soll. These 

four VOCs have derived RfD or CPF values and so all VOCs detected on-site were 

quantitatively analyzed. 
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Semi-volatile Organics 

For all semi-volatile organic compounds detected on-slte. RfD or cancer 

- potency factors were available. These were either derived directly by the 

U.S. EPA (IRIS, 1991) or were derived through extrapolation from other agents 

sharing important chemical and physical properties. The cases in which these 

extrapolations were performed and their justification are detailed in the 

toxicity summary tables provlded in Appendix F. The use of these extrapolated 

values provides a screening level analysis to determine whether inclusion of 

these chemicals in the quantitative analysis creates substantially greater 

risk. However, this dld not occur, i.e., chemicals with extrapolated values 

did not drive the rlsk In any scenario, suggesting that at the concentrations 

found on-site, these chemicals are not of primary importance. 

Pesticldes/PCBs 

PCBs were not detected in any matrlx on-site, while the pesticides DDT, 

aldrin, dieldrin, endrin, DDE, and heptachlor were each detected at one 

location and at only low levels. Of thls list, only DDE 1s devold of an RfD 

and a cancer potency factor. There is insufficient basis to extrapolate the 

RfD or cancer potency factor from related compounds (e.g., DDT) to DDE. 

However, the very low concentrations detected on-slte and the infrequency of 

detection indicate that the missing toxlcity values for DDE do not Introduce a 

great deal of uncertainty into the assessment. 

Tentatively Identifled Compounds (TICS) 

TICs are not quantitatively addressed because thelr chemical ldentlties 

were poorly characterized. In the vast majority of samples, the TICs are 

listed as "unknown", "alkane", or "aldol condensate". In the few instances 
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where a specific chemical is listed as a TIC, the chemlcal identity was often 

related to naphthalene (e.g., dimethyl and trimethyl derlvatlves). This 

occurred in two surface soil samples. In one. SS-2, the levels of naphthalene 

derivatives ranged up to 30 mg/kg, and one PAH derivative (dimethyl 

phenanthene isomer) was also estimated to be 30 mg/kg. This location, SS-2, 

had high SQLs together with "UJ" qualified data causing all semi-volatlles to 

be included in the quantitative assessment at hlgh concentrations (the SQLs). 

Since these data were included in the semi-volatile sol1 data base, in a 

sense, the presence of unknown contaminants appears to have increased the 

concentrations of semi-volatile compounds used in the analysis, and thus they 

were indirectly added into the quantitative risk assessment. 

5.7 Uncertainty Assessment 

Site-Speclfic Uncertainty Factors 

The scenarios developed for the site include exposures resulting from the 

probable current use by trespassers and the potentlal future use of the slte 

as a residential or commerc~al/~ndustr~a1 area. The rlsks associated wlth 

these scenarios are conditional on these land uses occurring. Observations 

made durlng field investlgations indicate that trespassing activities have 

occurred on the site e . ,  local resldent frequently walking hls dog on 

site). However, evidence was lacking that the slte is used extensively by 

children or other trespassers. Thus, the uncertainty assocrated with the 

exposure frequency and duration for Scenarlo 1 may be large, and may 

contribute significantly to an overestimation of rlsk since extensive daily 

use of the site was assumed. Current zoning for the site 1s commercial/ 

industrial, although there is some potentlal for the slte to be used 

residentially. This uncertainty in future use of the site adds a degree of 

uncertainty to the risks associated wlth Scenarios 3 and 4. 
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Additional uncertainty in the risk characterization may stem from 

exclusion of chemicals in the quantitative risk assessment. Chemicals which 

were not included in the quantitative rlsk assessment were excluded due to 

either lack of quantitation In the chemical analysls or as a consequence of 

missing toxicity data. 

Chemicals with missing toxiclty values are not expected to introduce a 

large degree of uncertainty into the risk estimates, as described in Section 

5.6. Chemicals not detected on-site were omitted from the analysis on the 

basis that the samples taken lnclude the worst portlons of the site. There is 

uncertainty with regards to the amount of sampling that would be requlred to 

verlfy that the chemical concentrations used presently truly represent the 

geometric mean and maximum values. However, the monitoring data are 

consistent and greater levels of some agents were found near zones of likely 

contamination (arsenic in ground water near tanks; PAHs in soil near the 

oil/water separator). Thus, the sampling program was successful at 

identifying polnts of contamination. 

Further evidence that the important points of sol1 contamination were 

addressed is the surface soil screening data, which demonstrate that TPH and 

lead levels across the site are low. 

Table 5-16 summarizes the exposure pathways considered for the risk 

assessment, and the reasons for exclusion or inclusion of particular 

pathways. Ingestion of ground water from currently used wells downgradient 

from the site was not addressed as ground water use is not currently possible 

in this zone. Ingestion of and dermal contact wlth sediments for current and 

future land use scenarios was not addressed as these pathways for sol1 are 

expected to characterize an equivalent or greater rlsk. Not only are soils at 

Tank Farm Four more heavily contammated than the sediments, but exposures to 

soils are expected to occur more frequently than exposures to sediments. 
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Two models were used to characterize exposure point concentratlons. The 

first, a model used to estimate concentrations of chemicals in fugltlve dust, 

was taken from AP-42 (EPA, 1988) (see Appendlx D). The key model assumptions 

include the time frame during which the construction on site is likely to take 

place and the use of a yearly average wind speed. The potential impact of 

these assumptions will be to underestimate risk if construction occurs for a 

longer period of time than originally estimated, or, if dally wind speeds 

exceed the annual average wlnd speed. The second model, volatilization of 

chemicals during home use of ground water (i.e., showering) (see Appendix Dl 

was taken from Andelman (1985). A key assumption for thls model is that the 

fraction of contaminant volatilized is assumed to be 0.9 (90%). Thls 

assumption may over-predict VOC lndoor levels for various agents. 

The primary routes of exposure for Scenarios 1 and 2 are sol1 mgestlon, 

while lngestlon of ground water is the primary route of exposure for Scenarios 

3 and 4. Conservative assumptions whlch may have been drivlng forces for rlsk 

are the frequency with which residents trespass on the site (Scenario l), the 

amount of sol1 ingestlon (480 mg/day) and the exposure duratlon for 

construction workers (1 year), and the level of ground water ingestlon used 

for Scenarios 3 (1 liter/day) and 4 (2 liter/day - adults: 0.75 liter/day 

Some significant uncertainties exlst in the data used for this slte. 

These uncertainties are likely to overestimate, rather than underestimate, the 

A few examples of data uncertainties include: 

"UJ" data (i.e., resulting from matrrx effects) were included in 
calculations of the geometric mean and they were considered as 
potential locations of contamlnatlon. 

NAVAL EDUCATION AND 
TRAIN3 NG CENTER 



Uncertainties in the representative nature of background sampling 
locations, particularly with regard to inorganic compounds in 
soil, disallowed exclusion of compounds whlch may occur naturally 
at the site. 

The effect of adding "UJ" data into the quantltatlve assessment as lf it 

were actually detected concentrations 1s dramatically seen in the case of 

thallium. Thallium exposure in ground water is the major source of hazard 

ratio (non-cancer risk) in Scenarios 3 and 4. Yet thallium was present in 

these pathways solely because of "UJ" data and SQL values were not unusually 

high. Thus, this screening level assessment points out the need to obtain 

high quality data for chemicals like thalllum that have low RfD values. The 

consequence of having uncertainty surrounding the SQL for such agents is that, 

in certam cases, uncertainty can drlve the estimation of risk. 

Uncertainty Surrounding Cancer and Non-Cancer Risks 

For the rlsk estimation of cancer and of chronic non-cancer health 

effects, risks from all exposure pathways and for all chemicals have been 

summated to yleld the total site rlsk for a glven receptor. Thls 1s a 

conservative approach, since, in general, different chemlcals do not have the 

same target organ or mechanism of actlon. Thus, thelr toxlc effects may be, 

at least In some cases, independent and not additive. Further, chemlcals may 

antagonize one another through competition for enzymes and bindlng sites, and 

by inhibition of pathways needed for chemical transport (absorption, cellular 

uptake, etc.) or metabolic activation. However, it is also possible that 

certain chemicals can be synergistic such as 1s the case when a promotor-type 

carcinogen greatly enhances the expression of genetic damage induced by a low 

dose of an initiator. The uncertainties surrounding these possibilities are 

discussed below for the chemicals found on-site. 
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Cancer Risks 

Interactions between carcinogens present at this site may both lead to 

enhanced and diminished carclnogenic responses. Arsenlc, which is responsible 

for the greatest elevations in cancer risk on-site, is at most only weakly 

mutagenic, but its carclnogenic effects appear to be medlated through 

clastogenic effects (ATSDR, 1989). Arsenic-induced chromosomal damage may be 

due to an impairment of DNA replication or repair, and this effect could 

facilitate the genotoxic effects of other agents (ATSDR, 1989). Arsenic has 

been shown to greatly increase the mutagenic effects of direct-acting agents 

such as UV radiation, and alkylatlng agents. Further, arsenlc appears to 

increase the production of lung tumors caused by benzo(a1pyrene. and is 

generally considered to have promotional activity (ATSDR, 1989). The target 

organ for arsenic's effects after oral lngestlon (lnhalatlon of arsenlc is not 

a major concern at this site) is primarily the skin, but elevations in 

bladder, liver and lung cancer In humans exposed orally to arsenic have also 

been reported (EPA, 1991 - IRIS Flle; ATSDR, 1989). Therefore, it appears 

that arsenic might be able to enhance the carcinogenic action of other 

genotoxic agents at a variety of target sites. 

Of the other carcinogens found on-site, the group of PAH compounds are the 

most important genotoxlc agents. Llke arsenic, the PAH compounds exert 

genotoxic and carcinogenic effects In skln and at internal organs (ATSDR, 

1990). The flnding that arsenlc can enhance lung tumor production by 

benzo(a)pyrene (ATSDR, 1989) supports the concept that a synerglstlc actlon 1s 

possible, particularly since arsenic and PAH compounds are found together In 

soil. Slnce the skin is an rmportant target site for both the PAH compounds 

and arsenic, the synergistic effect mlght be most probable in the skin. 

Exposure to the skin may occur both dlrectly by dermal contact, and after 

ingestion of soil or drinking water. 
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It is of note the beryllium, another carcinogenic metal found in soll, 

also can produce skin tumors upon oral exposure. 

There is evidence that arsenic's toxic, cytogenetic, and carclnogenlc 

effects can be antagonized by selenlun, possibly through an lnteractlon at the 

level of biliary excretion (ATSDR, 1989). However, the selenium content of 

soils at this site was low and so the quantitative importance of thls 

antagonistic effect is not llkely to be substantial. 

The carcinogenic PAH compounds are considered to, in general, act 

similarly with respect to mechanism of action and target organ. However, as a 

mixture their effects may not be strictly addltive due to the potential for 

co-carcinogenic and antagonistic effects (ATSDR, 1990). These effects appear 

to be mediated primarily through rnterference wlth each other's metabolism - 

either activation or detoxlfication, and by lnducing activating or detoxifying 

enzymes. The difference between antagonism, synergism and addltivlty of 

carcinogenic effects appears to depend upon the timing of the dosage of the 

different PAHs, the ratio of the different agents admlnlstered, and the exact 

agents involved (Balrd, 1984; Slaga, 1979; Van Duren, 1976). These factors 

are too complex to allow prediction of the likely outcome from the mteractlon 

of PAH compounds at thls site. However, thls factor does introduce 

uncertainty in the calculation of cancer risks. 

For other carcinogens lncluded in the quantitative analysis, bls(2-ethyl- 

hexy1)phthalate (DEHP), butylbenzylphthalate, 1,4-dichlorobenzene, and DDT and 

other chlorinated pesticides, the data suggest a promotional mechanism of 

action. Since the liver is the primary target organ for several of these 

agents, and since they may act via distlnct mechanisms (e.g., DDT vla 

inhibition of gap junctions; D M P  via peroxisome proflleration) it is possible 

that additlve and even synergistic interactions are possible. Further, these 
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agents may promote the low dose effects of the genotoxic carcinogens (PAH 

compounds) to enhance their potency. However, the PAH compounds are not known 

- to cause liver tumors unless the replicative state of the liver is grossly 

affected, as in partially hepatectomlzed animals (Marquardt, 1970). Thus, it 

appears unlikely that the expected weak promotional effects of these agents at 

this site would substantially increase the carcinogenic potential of PAH 

compounds in the liver. Further, the low exposure doses possible for 

promotors at this site call into questlon whether any promotional action could 

actually occur. There is considerable uncertainty as to the slope of the 

dose-response curve for promotors at low doses. 

Non-Cancer Effects 

The major concern regarding non-cancer effects at thls site is due to the 

potential for ingestion of ground water in the future use (commercial/ 

industrial and residential) scenarios. For example, the hazard lndex ratios 

in the residential scenario for chlldren are 1E+01 (average case) to 7E+01 

(worst case). Ingestion of thalllum contributes -45% of these HI values, and 

as mentioned previously, thls risk is hlghly uncertain because thalllum was 

not actually detected on-site, but was lncluded in the assessment due to "UJ" 

data. 

Ingestion of arsenic, manganese, and chromium in drinking water also 

caused elevated HI values (above 1E+00) under worst case conditions. The HI 

associated with chromium is uncertain because of the large uncertainty factor 

associated with its RfD (500 fold) and because no toxic effects were seen in 

chronic oral (rat) studies. Further, no adverse effects were seen In humans 

drinking well water contammated with 1 mg/l chromium VI for 3 years (IRIS, 

EPA, 1991), which converts to an approximate adult dosage (29 pg/kg/day) that 
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is 6 times the RfD (5 pg/kg/day). Confidence in chromium VI's RfD is 

described by EPA as low. 

The confidence in the RfD values for arsenlc and manganese are 

considerably greater than that for chromium, since they are based upon effects 

that have occurred in exposed human populations. The RfD for manganese 1s 

based upon its potential for causlng CNS damage (substantia nigra neuron 

degeneration) and behavioral changes as shown in humans exposed via drinklng 

water (EPA 1991 - IRIS File). A toxicant interaction is theoretically 

plausible between manganese and lead since lead causes a wide variety of 

electrophysiological and neurochemical changes In the brain (EPA, 1986). Lead 

has been shown to decrease the synthesis of dopamine in the substantia nigra, 

whlch appears to be a primary target site for manganese. Therefore, it 1s 

posslble that the deleterious effects of lead and manganese on CNS functlon 

are addltlve, or possibly even synergistic. However, this hypothesis has 

apparently not been tested. 

The RfD for arsenlc is based upon skin effects in exposed human 

populations after oral ingestion In drinking water (IRIS, EPA, 1991). Some of 

the uncertainty regarding arsenic's non-cancer and cancer effects is removed 

because the toxicity data are from the same matrix (drinking water) that the 

on-site (future use) exposures could come from. Therefore, matrix effects 

such as that posslble in the case of soil ingestion, are not a factor In 

evaluating arsenic's potential to produce toxlc effects. The same is true for 

manganese. since, as stated above, evidence for toxic effects comes from cases 

of humans drinking affected water. 

Elevations in the hazard lndex ratio (above 1E+00) at this slte were 

generally not caused by adding individual HIS for different compounds. 

Compounds such as thallium, manganese and arsenic were capable of elevating 
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the HI on their own in the worst case. Therefore, considerations of whether 

it is appropriate to summate HIS stemming from non-cancer effects that occur 
- 

In different tissues for different chemicals do not increase the uncertainty 

in worst case analysis. 

In the average case, several subthreshold doses of different agents 

combine to elevate the HI. It may be inappropriate to summate across these 

chemical-specific HI values because of distinctly different target organs 

(e.g., arsenic - skin; manganese - CNS; thallium - blood enzyme changes). The 

assumption of additivity of these effects places a conservative emphasls on 

these analyses. 

Uncertainties In The Derivation of Toxlclty Values 

In numerous cases in which a toxiclty value was available for one exposure 

route but not another, a dose route extrapolation was performed. These 

extrapolations were utilized to go between the oral and lnhalation routes of 

exposure if the toxic/carcinogenic effects were systemic rather than local. 

The compounds for which this was done are noted In the tables in Appendix F. 

The oral to inhalation dose route extrapolation can underestimate potency from 

lnhalation exposure if the chemlcal is ~rrltating, insoluble, slowly absorbed 

or highly reactive. Under these conditions, the dose to speclfic lung reglons 

may be greater than that to the G.I. tract or internal organs, creating the 

possibility that the lung would be at greater risk. At thls slte, thls 

possibility is greatest for the oral-to-inhalation extrapolation of RfD values 

for the metals arsenlc, beryll~um, nlckel and zlnc. However, inhalation of 

these metals was due to the dust lnhalation pathway whlch was a minor exposure 

route. Therefore, underestimation of toxlcrty va'lues for inhalation exposure 

should not have a large effect on the outcome of thls rlsk assessment. 
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Another form of dose route extrapolatlon was the use of oral toxicity 

values for dermal exposure. This extrapolatlon was utilized for all compounds 

except PAH compounds, whose potential for dermal effects was discussed. Since 

PAH compounds are known inducers of skln tumors when applied dermally, their 

exclusion from the calculation of dermal risk llkely causes an underestimation 

of this risk. However, PAH compounds were markedly elevated at only one 

surface soil location on-slte, and thus the potential for dermal exposure to 

these agents does not appear to be great. 

Similar to the case for PAH compounds, the toxicologic effects of arsenic 

may be substantial by the dermal route of exposure. Arsenic produces 

primarily dermal toxicity and carclnogenesls after oral absorption. Since 

arsenic is readlly excreted, it is llkely that the amount of arsenlc reachlng 

the skin and accumulating there 1s considerably lower after oral compared to 

dermal exposure (ATSDR, 1989). Thus. the effectiveness of a dermal dose of 

arsenic may be as great as if not greater than that after an oral dose. Slnce 

this risk assessment excludes dermal exposure to arsenlc, lt 1s possible that 

dermal risks are underestimated. However, the sol1 rngestlon pathway lnvolves 

considerably more internal exposure than does the dermal pathway, dependmg 

upon the degree of dermal vs oral absorption assumed. Thus, if it 1s assumed 

that arsenic penetration to sensitive skln and internal organ sltes is low by 

the dermal route, then dermal contact with arsenlc will not contribute more 

risk than does ingestion. However, this assumption is speculative and perhaps 

under-conservative. 

Assignment of the benzo(a)pyrene cancer slope factors to other 

carcinogenic PAH compounds likely creates a considerable overestimate of 

risk. Benzo(a)pyrene is one of the most potent PAH compounds (Rugen, 1989; 

Clement, 1987; EPA, 1985). Other PAH compounds detected on-slte, such as 
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chrysene may be -200 fold less potent that 1s benzo(a)pyrene. The data upon 

which these relatlve potency estimates are based are taken from primarily 
- 

dermal studles in whlch the development of skln tumors was studied. The 

degree of uncertainty In extrapolating these results to the oral route of 

exposure in order to adjust the oral slope factor is not known. However, 

these data are applicable to considerations of the cancer risk from dermal 

exposure. The overestlmation created by uslng the benzo(a)pyrene slope factor 

as a surrogate for the other PAH compounds partially offsets the possible 

underestimation of rlsk from dermal exposure caused by not adequately 

characterizing the dermal exposure dose to arsenlc and PAH compounds,, as 

described above. 
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11 --------------- 11 ----------- 11 ----------- 11- ----------- 11 1 . . 11 -------- 11 
11 SEMNOLATILES 11 11 11 11 11 11 11 11 11 11 
lpenzo(a)anthracene 1) 1 BE-05 11 35E-05 11 No 1) 1 15E+O1 (1 0 2  11 Liver. Lung. Skln 11 R IS 11 22E-04 11 40E-04 11 
lpenzo(a)pyrene 11 1 BE-05 11 3 5E-05 11 No I( 1 15E+01 (1 0 2  11 ' Lung. Stomach 11 R IS 11 2 2E-04 11 4 0E-04 1) 
lpenzo(b)fluoranthenelJ 1 BE-05 11 3 5E-05 11 No )I 1.15E+01 11 0 2  11 Lung. Thorax. Skin 11 R IS 11 2 2E-04 11 4 0E-04 11 
(penzo(k)fluorantheneII 1 BE-05 11 35E-05 11 No 11 1 15E+01 11 0 2  11 Lung. Thorax, Skin 11 R IS 11 2 2E-04 11 4 0E-04 11 
IlChrysene 11 1 BE-05 11 35E-05 11 No )I 1 15E+01 11 0 2  11 Mal~gnant ly mphoma 11 R IS  11 2 2E-04 11 4 0E-04 11 
Ilndeno(123cd)pyreneI) 1 BE-05 11 35E-05 11 No 11 1 15E+01 (1 0 2  1) Lung, Skin 11 R IS  11 2 2E-04 11 4 0E-04 11 
11111111111111111111llllllll1111111111111111111111111llllllll 11111111111111111111111lll IIIIIIIIIIIIII111111111111 111111111111111111111111 11111111111111111111111111111111111IIII1IIIIIIIII11111111111111111111111111111111111111 1111111111111111111111lllllllllllllllllllllllllllllllllllll llllllllllllllllllll I1 
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Table 2- 16 

UptakeIBiokinetic Model 

Inp~~ts and 011tp11ts Using the Geometric Mean Soil Lead for the Entire Site 

ABSORPTION #THOOOLOGY: Non-Linear Actiw-Passive 

AIR CONCWTRATION: 0.200 ug %/a3 DEFAULT 
Indoor AIR Pb Conc: 30.0 percent o f  outdoor. 
Other AIR Parameters: 

Age TimeOutdoors(hr) Vent.Rate(a3lday) 
0-1 1 .o 2 .o 

DIET: DEFAULT 

DRINING WATER Conc: 4.00 ug P b L  DEFMT 
WTER Consumption: DEFAULT 

SOIL b WST: 
Soil:  constant conc. 
Dust: h l t i p l e  Source Analysis 

Age So i l  (ug W l g )  House Dust (ug Pblg) 
0-1 98.8 47.7 

Additional Dust Sources: ,None DEFAUT 
So i l  contribution conversion factor: 0.28 
Air contr ibut ion conversion factor : 100.0 

PAINT Intake: 0.00 ug %/day DEFAULT 

MTERNAL CONTRIBUTION: Infant  M e 1  
k t e r n a l  8lood Conc: 7.50 ug Pbld l  

CALCULATED BLOOO W and Pb UPTAKES: 

Lung &bs. ( 1 )  
32 .O 
32.0 
32 .O 
32 .O 
32 .o 
32 .o 
32.0 

YEAR ------ 
0.5-1 : 
1-2: 
2-3: 
3-4 : 
4-5: 
5-6: 
6-7: 

YEAR ------ 
0.5-1: 
1-2: 
2-3: 
3-4 : 
4-5: 
5-6: 
6-7: 

Blood Level 
( u g l d  ----------- 
2 -79 
2.49 
2.46 
2.53 
2.60 
2.62 
2.67 

Diet Uptake 
( W d a y  1 ----------- 
2.94 
2.96 
3.40 
3.29 
3.18 
3.38 
3 -74 

Total Uptake 
(ugfday 1 ------------ 
7.62 
8.27 
8.80 
8.72 
8.65 
8 .% 
9.35 

Uater take 
( U I I I t Y  1 ------------ 
0.40 
1.00 
1.04 
1.06 
1.10 
1.16 
1 .I8 

SoiltDust Wake 
(ugldav ------------ 
4.24 
4-24 
4.24 
4.24 
4.24 
4.24 
4.24 

Paint Uptake 
(ugldav ------------ 
0.00 
0.00 
0.00 
0.00 
0 .oo 
0.00 
0.00 

Air Uptake 
(WQY 1 -------- 
0.04 
0.07 
0.12 
0.13 
0.13 
0.19 
0.19 



Table 2- 17 
Uptake/Biokinetic Model 

I n p ~ ~ t s  and 011tprlts Using the Geometric Mean Soil Lead for the "Impacted" Zone 

ABSORPTION RTHOMXOGY : tbn-Linear Act ive-Passive 

AIR CONCENTRATION: 0.200 ug PbIm3 DEFAULT 
Indoor AIR Pb C o w  30.0 percent o f  outdoor. 
Other AIR P a r m t e r s :  

Age T i re  Outdoors ( h r )  Vent. Rate (m3/&y) 
0- 1 1 .o 2 .o 

DIET: DEFAUT 

DRINKING MTER Conc: 4.00 ug PbA WMl 
WATER Cornaption: DEFAULT 

SOIL .3 WST: 
Soi l :  constant conc. 
Dust: h l t i p l e  Source Analysis 

Age So i l  (ug Pblg) House Dust (ug Pblg) 
0-1 634 .O 197.5 

Additional Dust Sources: None DEFAULT 
So i l  contr ibution conversion factor: 0.28 
Air contr ibution conversion factor :  100.0 

PAINT Intake: 0.00 ug %/day DEFAULT 

MTERNAL CONTRIBUTION: Infant  Hodel 
Haternal Blood Conc: 7.50 us %/dl 

CALCULATED BLOOD Pb and Pb UPTIMES: 

Diet  Uptake Water take 
YEAR ------ ( u s / & ~  1 ----------- ( u d h  ------------ 

Lung Abs. (%) 
32 .o 
32.0 
32 .o 
32.0 
32 .o 
32 .O 
32 .O 

SoiltOust Uptake 
(uglday ) 

Air Uptake 
( uglday -------- 
0.04 
0 .O7 
0.12 
0.13 
0.13 
0.19 
0.19 



Table 2-18 

Uptake/Biokinetic Model 

Inpllts and 011tp11ts Using the Maximlim Soil Lead 

AIR CONCENTRATION: 0.200 ug Pbh3  DEFAULT 
Indoor AIR Pb Conc: 30.0 percent o f  outdoor. 
Other AIR Parameters: 

kge. Time Outdoors ( h r )  Vent. Rate ( d l d a y )  
0- 1 1 .o 2 .o 

DIET: DEFMT 

DRINKING UATER Coy:  4.00 ug PbA DEFAULT 
MTER Consuwtion: DEFAULT 

SOIL a DUST: 
Soi l :  constant conc. 
Dust: Hu l t i p le  Source Analysis 

Age So i l  (ug Pblg) House Dust (ug Pblg) 
0- 1 1980 .O 574.4 
1-2 1980 .O 574.4 

A&li t i ona l  .Dust Sources: None DEFAULT 
So i l  contr ibution conversion factor :  0.28 
Air contr ibution conversion factor :  100.0 

PAINT Intake: 0.00 ug Pblday DEFAULT 

MTERNAL CONTRIBUTION: Infant  Hodel 
k t e r n a l  Blood Conc: 7.50 ug P b l h  

CAlCllLATED BLOOD Pb and Pb UPTAKES: 

Blood Level 
(ugldL 1 ----------- 
22.44 
22.67 
22.19 
22 -40 
23.16 
23.12 
22.87 

for the Entire Site 

Lung Abs. ( 2 )  
32 .O 
32 .O 
32 .o 
32.0 
32 .o 
32.0 
32 .O 

------------ 
72.42 
72.42 
72.42 
72.42 
72.42 
72.42 
72.42 

Paint Uptake 
(ugldav 1 ------------ 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Air Uptake 
(uglday -------- 
0.04 
0.07 
0.12 
0.13 
0.13 
0 .I9 
0.19 



TABLE 2-19 

Lead Uptake/Biokinetic Model Results for McAllister Point 

Scenario 

Geometric Mean 
Soil Lead House Dust Blood Lead % Children 

( P P ~ )  Lead (ppm) (pg/dl) - > 10 pg/dl 

Mean Soil Lead 
for Entire Site 

Mean Soil Lead 
for "Impacted" 
Zone 

Maximum Soil Lead 
for Entire Site 1,980 574 





TABLE 5- 1 . . .- - - . 
SUMUARVOF SURFACE SOIL M T A  

OF MELWLLE NORTH LANDFIU 



llllllllllllllllllIIIIIIIIIIII~I~g~llIIIIIIIIIII~~g~IIIIIIIIIIIIIII'~~~glgIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~~II'~~~~lllll lllll~~[l'11~IIIIIII ll l l l '11~~~~lllll l~~ 
:REQUENCY 

OF OF OF MEAN OF W U U U  UEANOFUS U S BACKGROUND 11 
DETECTDN m L  DETECTDN CONCENTRATDN CONCENTRATDN BACKGROUND BACKGROUND LEVELS II I! COUPOUND NAME 

MO 
MO 
Mo 
0120 
0120 
om, 
2120 
0120 
0120 
o m  
0120 
0120 
W20 
Mo 
0120 
om, 
om, 
w20 
w20 
0120 
w20 
W20 
0120 
o m  
o m  
9/20 
0120 
5120 
7/20 
el20 
1/20 
16/20 
14120 
96/20 
9120 
~ z o  
o m  
W20 
0120 
W20 
W20 
0120 
1Y20 
2120 
7120 
0120 
w20 
1120 
o m  
17/20 
6/20 
0120 
0120 
om 
0120 
0120 
0120 
4/20 
0120 
W20 
o m  
0120 
1 w20 
0120 
17120 

1120 
12/20 
16/20 
W20 
W20 
0120 
0120 
0120 
Mo 
om 
0120 
0/20 
o m  
o m  
om, 
0120 
Mo 
MO 
om, 
MO 



TABLE 5-2 
WYYARVOF WBSURFAQ SOIL DATA 

FOR YELVlLLE NORTH UNDFILL 

j j  INORCYNICS i 



TABLE 5-2 (CWIL) 
WYMARVOF WBSURFAQ SOIL DATA 

FOR MELVILLE NORTH LANDFILL 

11 COYPOUW NAME 



SUMMARY OF YONTORING WELL DATA 
FOR MELVlLLE NORTH IANDFIU 

~ ~ ~ ~ ~ ~ ~ l l l l l I ~ l ~ I I I l I I l I l I ~ I I I I I I I I I I I I I & I ~ ~ I ~ ~ l l l l l l  llllllllllllllllllIIIIlIIIIIIIIIIII~I]I~I~llllllll II 

OF OF OF MEAN OF LUaMUl  BACKQIOUMI 11 
DETECTION SOL DETECTION CONCENTRATION CONCENTRATION LEVELS 11 







a 
a 

a- 

h* 

6 
h 

a- 
6.. 
a- 

h- 
h- 
6.. 
a- 
6.. 

6. 

a*. 

h- 

a*. 
h- 

a*. 

h- 

a- 
t.. 

A=- 

h- 
h- 
6. 

&..' 

O M - 0  45 
ND 
ND 
NO 
ND 

0048-140 
ND 

om- i s  0 

II11111111111111111111llllllllll - OF 
SLBBUFWICE 801 

SAMPLES 



TABLE 3-6 
SUMMARY OF PARAMETERVALUES USED TO ESTIMATE EXPOSURE - MELVILLE NORTH LANDFILL 

llllllllllllllllllllllllll 
11 VALUE 
11 PARAMETER 0 R VALUE USEC RATIONALE 

II I~REFERENCE II )I 

11 RANGE 11 

11 Global wrbbles 11 
II 

II B06y w e w  
II 

11 Children 
II II 

11 - scenarlo 1 38- 61.2 492 Value based on average of males and females between 9-18 yrs 
II 1 EPI I -  11 

11 - scenario 4 11 6-174 14.5 Value based on avcrage d males and females bebrveen 0-6 yrs I( €PA 1989 (1 
11 Aduit 61.2-74 6 70 Value based on average of males and females between 18-65 yrs 11 EPA1989 11 
1) Exposue Duration (years) 
11 - scenarlo 1 1-18 g Based upon the age range of childen lkely to enter Me site 

II II 
11 - scenano2 1-70 1 Amount of bme spent building a marim (poposed). 

II II 
(1 - scenario 3 1-70 25 National upper-bound (90th percentile) at one pb. 

I II 
11 - scenario4 

1 EPA1m.I II 

11 Chlld 1 - 6  6 Number of years In MIS age goup. 
II I 

Adult 1-70 30 National upper -bound (90th percentile) at one residence. 
II EPA 1 m  II 

11 11 EPA 1991 11 
11 Averaging Tlme 
11 Cancfr-risks (days) N A 25.550 Value based upon 70 year Ik evectancy. 

II II 
11 EPA 1989 11 

11 Noncancer-rlsks (days) 
(1 - scenano 1 350-25.550 9 Value based upon e-ue duration 

II II 
11 - scenarlo 2 1-365 28) Value based upon exposue duration. 1 II 
11 -scenario 3 350-25.550 6250 Value based upon avosue duration. 11 11 

II 
11 - scenano4 

Child 350-2190 2100 Value based upon evosue duration 
II II 

II 
Adult 350-25.550 14500 Value based upon e q m ~ u e  duration 

II II 
II 
11 Soil Contact Rste (mglday) 500-1000 500 Sal deposhon=0.5mghn3,skh su$cearea=2000cm3;fraction qosed=50% 

II II 
11 EPA 198% 1) 

11 Absupbon Factu (no units) 
11 - Damal. 

II II 

voc's 0- 1 0 5 
II II 

II 11 EPA 198% 11 
11 PAHslPCBs 0- 1 0 05 11 EPA 198% 11 
11 lnaganics 0- 1 negligible 11 EPA 198% (1 
11 Pesticides 0- 1 0.05.0.5 High;Low sol saption, respectively 11 EPA 198% 1) 
II 
I( - Ingestion 

II II 

VOC's. PAHs 0-1 1 
II II 

11 11 EPA 198% 1) 
I I lnaganics 0-1 1 11 EPA 198% 11 
11 Pesbcides 0-1 0 $1 Highiow so0 suption, respectivety 11 EPA 198% I( 
11 Lmd 0-1 0 5-03 Chil&en,Adults, respectively 11 EPA 198% 11 
II 
(1 - Inhalation: 0-1 1 Completea bsorption 

II II 
11 EPA 198% 11 

11 Permeability Constant - Dermal contact in Wata (cm/h) 8 4E-04 Based upon the penetration rated water 11 EPA 1989 11 
11 Chemical Concentration Jusbficatim 11 EPA 198% 11 
I( Surface Soils, Subsurface soils; Ground Wala Geometric mean and maximum wlues used in exposure estimates 11 11 
11 wae calculated using the methods desaibed in text 11 11 

llllllllllllllllllllllllll 













TABLE3-10 
SCENARIO 3 

SUMMARY OF CANCER RISK ESTIMATES 
MELVUE NORTH LANDFU 

1 ~I1H~II~HH~IIIIIIIIIIIIIIIIIIIII1llllllllllll I l ~ l ~ l l l ~ ~ l ~ ~ ~ l l l l l ~  I~~~lb(ll~l~lll~ IllllllllM~lllllllll I11111111111111111111 I11111111111111111111 11111111111111111111lllllllllllllllllllllllllllllllllllll llllllllllllllllllllllllllllll~ I ~ ~ ~ ~ I I ~ l ~ ~ ~ ~ I / I I I I ~ ~ ~ ~ I I I I l ~ l l l l l l l l l l l l l l l l l  11 

I COMPWNDNAME 
I I 

IINTAKE(CD1)-MEAN IINTME(CD1)-MAX IADJJSTED FOFl SF '1 WEIQHT OF I TYPE OF 
It I SF BASIS/ I SPECIFIC I SPECIFIC I PATHWAY ) TOTAL 11 

I I ~ W W * Y )  I (mWg'daV) I ABSORPnON I(mfiQ'*Y)-ll EVIDENCE I CANCER ( SOURCE IRISK-MEAN I RISK-MAX 1 RISK I RISK I( 
I, I11111111111111111111llllllllllll1111111111111111111 I11111111111111111111lllllllllll11111111111111111111llllllll11111111111111111111111111111111111111111111 I 11111111111111111111 1111111111111111111ll11111111111111111111111111111111lll1 IIIIIIIIIIII1Illlllllllllllllll llllllllllllllllll llllllllllllllllll l l l l l l l ~ l ~ ~ ~ l  ~ l l l l ~ l # ~ l  I,LMMUM 

- - 

 EXPOSURE PATHWAY ERMAL CONTACT Wl lH  C H E M W  IN SOIL a*-i ~ ~ E - O Z ~ M E A N  
1 IIIIIIIIII1111111111111111111ll11111111111111111111I I111111111111111111111111111llll11111111111111111111llllllllI 1111111111111111111lllI 11111111111111111111 I11111111111111111111 11111111111111111111llllll111111111111111111111111llllllI 11111111111111lllllllllllllllll llllllllllllllllll llllllllllllllllll llllllllllllllllllllllllllllllllllllll I1 











TABLE4-1 
SUUUARY OF SURFAQ SOIL DATA 

FOR FIRE FIOHllNO TRAINNO SCHOOL 

!ll~~llllllllllll~llllllllllllU~~~ll~ll~~~~lllllllllllll~~~~~~$~IIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIII~~~~~~$lllll l l l l f ~ l ~ ~ ~ ~ ~ l ~ l l ~  f\ 
.REQUWCY RANOE 

OF OF OF MEAN OF UUOUUU UEANOFU S u s  11 
DETECTDN SQL DETECTWN CONCENWATON CONCENTRATVN MCKOROUND MCKOROUND II 







TABLE 4-2 h 0 W  
SUMMARY OF SUBSURFAQ SOIL DATA 
FOR FIRE FlGHllNOTRAIMNO SCHOOL 

Ip -n -buy lphWat r  
IlLh-n-octylphaulatr 
IFlwnnhmr 
I(fharmr 
~ p 4 . x u ~ n .  
Jp l rxuNorcbuhdmr 
Ip4nuNomsyclopomadn. 
Ip4.Xun-r 
w - ( ~ z * m w *  
IWphomn* 
IlNaphh.lm* 
Ip t iaobrumr 
(P( -NiUvro-d-n-pro~unun 
IN-Nhorodphry lun lnr  
IP-C-phml 
Iph-mr 
llph-1 
IPPn. ll------------------------ 
11 PESTICIDES 

~~~~~l~~~ll l l l l l l l~~~~IIII I I I I l l I I I l I l~~I~~ll l l l l l l l  llllll~~~~l~~~lllllllllllllllIIIlIlIlllIlllllIIlIlfIIIIIllll~~~~~~~lllll lllll~l('11~~l~~lllllll~~ 

OF OF OF MEAN OF YUlMUM MEAN OF U S u s  11 
MTECTDN SOL MTECTDN CONCENTRATDN CONCENTRATDN BACKGROUND BACKGROUND II 



--- . 
WYMbAY OF UONRORINOWEU DATA 
FOR FIR FIO~NQTFI~NIN~~~HWL 

II 
II COWOVND NAME 

II INOROINICS 
II 
Il*Ll-m 
1l-m~ 
l l k s m k  
l l 0 d m  
ll0ryUrrm 
1lca-m 
I p a k u r n  
I ICh rodm 
~lc-n 
IlCOPpr 
IIcymme 
11- 
llL-d 
I IUagvJ l r n  
IIM.nOu**. 
11u-w 
IINrkel 
IIPotasshm 
(ISobnum 
(p i t a r  
l podbm 
I m l l u r n  
1)Vhnadbm 

llZnc 1) ------ -------------- 
11 VOLATLE 8 

II1~I1lIIIIIIIIIII1llllllYlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll lllllllllllllllllllUlllllllllllllllllllllllllllllllllllllllllll~lllllllllllllllllll 
FREWENCY RANOE RAN- QEOYRRIC ON 8m 11 - -  - 

OF OF OF YEAN OF MAXIMUM BACKQROUND ii 
DETECTION 8Q DETECTION CONCENTRATION CONCENTRATION LEVEL b 11 

ClolD ClUO @o/O Q1010 born 11 
11111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllll~llllllllllllllllllllllllllllllllllulllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

II 
I! 

U6 (loo). 
016 220-260 
616 (lo 0). 
W6 (loo). 
116 1 
116 S 
WS (POW). 
Y6 (10 0). 
U 6  106 , 
416 108 % 

116 10 
W6 (100). 
U 6  6 0). 
W6 (sow. 
616 (16 0). 
2l6 2 
Y6 581-675 
616 Woo). 
016 2 
016 5-10 

two-44eoo 
N A 

2-188 
see-sso 

2 4  
4a 8 

lt000-100000 
64-47 
21 1-60 

51 0-1030 
23 5 

6IM- 167000 
11 7-4120 

W60-411000 
1410-8720 

15-2 1 
61 6-81 6 

JgZO-199000 
N A 
N A 





TABLE 4-4 
SUUUARY O F ~ N T U ~ I N A N T S  

OLD FIREFIOHTlNO TRAINING SCHOOL 

5210-11900 
5 9 - 6 6  
1 5 - 9 8  
4 67-67 6 
0 17-0 56 
0 68-8 1 
625-91500 
6 4-169 
28 -206  
8 1-512 

ND 
6250-58200 
om-m 
802-4010 
70 7-980 
0 18-0 21 
68 -288  
210-901 
031-1 7 

X 065-083 
68 8-3820 

X 0 6 8 - 8 1  
8 3-22 1 
25 8-2680 

X 0 006 
X 0 006 
X 0 006 
XO006 
X 0 006-0 007 
X 0 006 
X 0 006 
X0006 
X0006 
X 0 006 

1-91 
X 0011-0014 
XOOll -0014 
x 5 7  
X 0 006 
X 0 006 
XOO05 
XOOl l  

0005-0011 
X 0 006 
X 0 006-0 007 
XOOll  
X 0 006-0 008 
X 0011-0014 
X 0 006 



TABLE 4-4 (-1 ) 
SUMMARY OF CONTAMINANTS 

OLD F I R E F I O ~ N O T R A I N I N ~  SCHOOL 

~ L ~ l l l ~ p ~ ~ l ~ ~ r : ~ ~  

GROUND WATER I1 

ll~llllllllllllllIIlIIIIIIIIIIIIIIIIIIIlIIIIIII1IIIIIIIIIIIIIIIIlIlIlIIIIIIIIIIIIlIII~~~~~I~~lllllll 
II 
1) COMPOUND NAME I SURFACE SOIL 
II 1 SAMPLES 
I1 I ( m a w  
1111l11lllll111111lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 



TABLE 4-6 
SUMMARY OF PARAMETER VALUES USED TO ESTIMATE EXPOSURE - OLD FIRE FIGHTING TRAINING CENTER 

I1 
II VALUE II 
ii PARAMETER OR VALUE USED RATIONALE 
11 RANGE 

ii 

ii Globalrnriables 
II Body Weight Wa) 

Ch'ddren - scenario I 
- scenario 2 
Adult 
Exposure Duration (years) 
- scenario 1 
- scenario 2 - scenario 3 
- scenario 4 
- scenario 6 

Child 
Adult 

Awraging Time 
Cancer-risks (days) 
Noncancer -risks (&ys) 
- scenario 1 
- scenario 2 - scenario 3 
- scenario 4 - scenario 5 

Ch~ld 
Adult 

Soil ConBct Rate (muday) 
Absuption Factu 
- Dermal. 

- Ingestion: 

voc's 
PAHslPCBs 
lnaganics 
Pesticides 

VOC's. PAHs 
lnaganics 
Pesbcides 

Leed 

11 Psrneability Constant - Dermal contact in Water ( c m k )  
II Chemical Concenkatlon Justificattm 

Value based on average of males andfemales between 0-6yrs 
Value based on avsage d males and femalcs beween 6-18 lyrs 
Value based on adul body wei@t 

Based upon the age range of childen at day care 
Based upon the agerange of chadren (6-18 years) 
Amount of time spent buildlng an Industrial facllity 
National upper -bound (90th percentile) at one job. 

Numb6 of years in this age group 
National upper-bound (90th percentile) at one residence. 

Value based upon 70 year llte expectancy. 

Value based upon exposue duration; 365 dayslyear 
Value based upon exposue duration. 365 dayslyear 
Value based upon exposue duration. 365 dayslymr 
Value based upon exposue durabon; 365 dayslymr 

Value based upon eqmsue duration; 365 days/ymr 
Value based upon exposue duration; 365 daysfyear 

Soil depos~tion=O 5rngfm3,skin sclrfacearea=2000cm3;haction exposed=50% 

High.Low soil saptim, respecheby 

Hightow so8 saption, respecheby 
Chil&en;Adulb, respectively 

Completes bsorption assumed 
Based upon the penelraton rate d water 
Geomeblc maan and maximum wlues used in emsure estimate3 

ii Surface Solls. Subsurface soils; Ground Water were calculated using the methods desaibed in text ii 
11111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 11111111111111111111lllllllllllll1111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll I1 





TABLE 4-6 
SCENARIO 1 

SUMMAW OFCANCER RlSK ESTIMATES 
CLD FIRE FIGHTING TRAINING AREA 

II II CHRONICDAILY I CHRONICDAILY II CDI II IICHEMICAL IlCHEMlCAL II TOTAL II TOTAL II 
ii CHEMICAL ~~INTAKE(CDI)-MEAN i INTAKE(CDI)-MAX ii ADJUSTED FOR ii SF  WEIGHT 0 ~ i i  N P E  OF 
11 11 (mgikgldev) I (rng/kg/dav) (1 ABSORPTION (1 (mg/kgl&y)-1 IlEVlOENCE 11 CANCER 11 SOURCE 11 MEAN 11 MAX (1 RISK 11 RISK I( 
1111111111111111111llllllllllllllll 1111111111111111111llllllllllllll I1111111111111111111llllllllllll11111111111111111111lllllllll11111111111111111111lllllll11111111111111111111lllllllllllllllllllllllllllllllllllllllllllll11111111111111111111lllllll Illllllllllllllllllll llllllllllllllllllllllllllllllllll~ly~~l~l~/llllllll~l~~~~yl~AxlM~ 
I1 
 EXPOSURE PATHWAY OEFMAL CONTACT WITH CHEMICALS IN s a L  9 3E-10 11 2BE-05MEAN 
1111111111111111111IIlIIIIIIIIIIIII I1IlIllllllllllllllllllllllllllll I 1111111111111111111llllllllllll lllllllllllllllllllllllllllll lllllllllllllllllllllllllll lllllllllllllllllllllllllllllflllllllllllllllllllllllllllllllllll lllllllllllllllllllllllllll lllllllllllllllllllll lllllllllllllllllllllllllllllllll~l~~~~~l;~~~~l~lllllllll 

[ [ E x P m R E  PATHWAY lNGEsnoN OF CHEMlcf is  IN s a L  2 BE-05 1vEAN 

~ ~ l l l l l l ~ ~ ~ ~ ~ ~ ~ ~ ~ l l l l l l l  ~~lllllllllllllllllllllllllllllll I llllllllllllllllll1lIIIIlIIIIlI llllllllllllllllllIIIIIIIIlII llllllllllllllllllIIIIIIIII ll"llllllllllllllIIIIlIIIIIIIIIIIIIIlIIlllllllllllllllllllllllll llllllllllllllllll1IIIIIIII lllllllllllllllllllll lllllllllllllllllllllllllllllllllllllllllllllll Ill 
I II II II II II II II ll 

Iv\rsrnic 11 3 5E-08 1 80E-08 1) No 11 175E+0011 A 11 Skln 11 IRIS 1) 60E-08 11 11E-05 11 
11 --------------- 11 --------------I -------------- 11 ------------ 11 11 -------- 11 - - - - - - - - - - - - - -  11 11 --------- 11- --------- 11 
II II I II II II II II II II II 
11 SEMNOLATILES )I I 11 11 11 11 
11Bemo(a)anthracene 11 3 1E-07 I 22E-08 11 No 

II II II II 
1 1 l E + 0 1  11 82 11 Llver.Lung.Skln I( IRIS 11 35E-08 11 28E-05 II 

IIBemo(4pyrene II 2 5 ~ - 0 7  1 1 8 ~ - 0 8  11 NO )I 1 15E+01 11 02 11 Lung,stomach 11 IRIS 11 29E-08 11 21E-05 I( 
Ipemo(b)fluoranthene (1 2 9E-07 1 1 BE-08 (1 No (1 1 15E+01 (1 8 2  1) Lung, thorax, skin 1) IRIS 1) 33E-08 11 22E-05 1) 
1pemo(k)fluoranthene I( 2 4E-07 1 21E-08 11 No 11 1 15E+Ol 11 82  (1 Lung, thorax, skln 11 IRIS 11 28E-08 11 2.4E-05 (1 
I)ChrWne 11 2 9E-07 ( 1 BE-06 (1 No 11 1 15E+Ol 11 82  11 Mallgmntlyrnphoma 11 IRIS 1) 34E-08 11 22E-05 1) 
lllllllllllllllllllllllllllllllllll11111111111111111111lllllllllllll I11111111111111111111lllllllllll11111111111111111111lllllllll11111111111111111111lllllll11111111111111111111lllllllllllllllllllllllllllllllllllllllllllll11111111111111111111lllllll Illllllllllllllllllll llllllllllllllllllllllll 



















TABLE 4-15 
SCENARIO5 

SUMMARY OF CHRONIC HAZARD INDEXESTMAES 
0 1  I7 F l a F  F l n M T l N n  TRAlNlNC4AWA - - - . . , - . . - . . . . . - . . . . . . . . . . - . . . - . . 

II ll CDCCHlLD ll CDI-AWLT ll CDC CHILD IICDC AWLT (I CDI II 11 11 11 HI 11 HI 11 
11 CHEMICAL 11 MEAN 11 MEAN 11 MAX 1) MAX 1lAD.J FOR 11 RFD ;fCONFlL€NQ 11 CRfllCAL 11 SOURCE, IlUNCERTAlNTIll YF )I CHlLD II ADULT II CHILD (I ADULT II HAZARD II HAZARD II 

23E 100 11 2JE 100 11 ADULT MEAN 

/I ?BE tOl 1) 1 BE +O1 JJ CHILD MUIYUM 
lEXPOSUE PATWAV INOESTION OF C H E M m E  IN DRIMINGWAER BEE 400 11 BEE 100 IIADULT MAXMUM 

IIIIIIIIlIIIIIIIIIIIllllllllll 1111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 1111111111111111111lllllllllllllllllllllllllllllllllll lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll llllllllllllllllllllllllllllllllllllllllllllllllllllllllll lllllllllllllllllll fllllllllllllllllll lllllllllllllllllll llllllllllllllllllllllllllllllllllllllllllllllllll 
11 INORGANICS 11 11 11 11 11 11 11 11 11 11 11 11 
I p d m h m  11 16E-04 I) 8ZE-06 11 2AE-03 I1 1 s - 0 3  11 No I) 1E-03 11 HI* I' Pmblnuh ;I DbV1RIS.HEAST II 10 1 \I 1EE-01 11 82E-02 11 2 A E W  II 1JEtOO I1 
IPOPP~ 11 51E-03 II 17E-03 II 61E-02 11 2BE-02 11 NO II 4E-02 I1 I; L o ~ l G l h b t i o n  I( HEIST I1 )I 11 7dE-CQ 1) 4JE-02 11 1JEt00 11 71E-01 I) 
IWsnosnss ll 22E-01 II 12E-01 II 4JE-01 II 2AE-01 ll NO II 1E-01 11 Medlum 11 CNSdbr t r  11 DbVIRIS.HEAST II 111 1 I I 2 2 E t W l I 1 2 E t O O I I  43E+OOIIZAEtOOII 
lpm 11 22E-02 11 12E-02 (1 e2E-01 II 5AE-01 (1 No II 2E-01 11 11 A n *  [I TlsrweukIHEAST Il 1011 11 1 1E-01 (I(L1E-02 11 5 1 E t W  11 17E+OO (I 
111l1111111111111l11llllllllll 11lllllllllllllllllllIIIIIII1111111111111111111lllllll1111111111111111111lllll1111111111111111111lllllllIIIIIIIIIIIIIIIIIII 111111111111111111111lllllll1111111111111111111lll1111 11111111111111111111lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll llllllllllllllllllllllllllllllllllllllllllllllllllllllllll lllllllllllllllllll lllllllllllllllllll lllllllllllllllllll l l l l l l l l ~ l ~ ~ l ~ ~ ~ l l ~ ~ c H l ~  MEAN 
II 
1) 4AE-04 IIADULTMEAN 

11E-02 IICHILDMAXIUUY 
ILmosuE P m w v  c e w A L c o N T A m w r r H  CHEYIcAts w SOIL DJE-03 IIADULTYAXMUY 

11111111111111111111llllllllll 11111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 11111111111111111111llllllllllllllllllllllllllllllllll 1111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll llllllllllllllllllllllllllllllllllllllllllllllllllllllllll lllllllllllllllllll lllllllllllllllllll lllllllllllllllllll llllllll~l~~l~~~ll;~cHILD 
II 
11 2BE-02 (]ADULT YEAN 
11 6SE-01 llCHlLDMAXlMUY 
(EXPOSUE PATWAV INE IT ION OF CHEUIC*E INSOIL AND HOUSE DVST 0 1E-02 (IADULTYAXMUY 

IIIIIIlIIIIIIIIIIlIIllllllllll 1111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll11111111111111111111llllllllllllllllllllllllllllllllll 11111111111111111111lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll llllllllllllllllllllllllllllllllllllllllllllllllllllllllll lllllllllllllllllll lllllllllllllllllll lllllllllllllllllll l l l l l l l l~~~l~~l l ; ;~HILD 
II 
11 7BE-03 I(ADULTMEAN 

2 lE-01 llCHlLDYAXIYUY 
kXPOSUE PATWAV INHALATION OF AIRBORNE (VAPOR PHISE) CHEMICALS 4JE-02 (IADULT YAXMUY 

llllllllllllllllllllllllllllll1111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll1111111111111111111lllllllllllllllllllllllllllllllllll 11111111111111111111lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll llllllllllllllllllllllllllllllllllllllllllllllllllllllllll lllllllllllllllllll lllllllllllllllllll lllllllllllllllllll lllllllllllllllllllllllllll 
11 12E-03 llCHlLDYEAN 
11 2SE-04 llADULTUEAN 
11 5SE-03 llCHlLDMAXlYUY 
IEXPOSUE PATWAV OUTWOR NHAUTION OF ARBORNE CHEY C A E  ADSOREDTO WST 72E-04 (IADULT YAXMUU 

IIlIlIIIIIIIIIIIIlIIllllllllll 1111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 11111111111111111111llllllllllllllllllllllllllllllllll 11111111111111111111lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll llllllllllllllllllllllllllllllllllllllllllllllllllllllllll lllllllllllllllllll lllllllllllllllllll lllllllllllllllllll lllllllllllllllllllllllllll 







1- 6-1 (d) 
BUUMARY OF SURFACE SOILDATA 

KIITIIlKFARu 4 

ii pews 
II 
I w a - 1 0 1 8  
( w a - 1 2 2 1  
l w u - 1 2 3 2  
I b b 1 - * 2  
(War-1248 
I W o r - 1 2 6 4  
I w U - 1 2 6 0  
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

!lllllllllllllllllllllllllllllglilfI~llllllllllllllllllllllllllllllllgllllllll1111111111111111111IIIIIIIIIlUIIIIII'If'gI~I~I'~I1IIIIIIIIIIII~IlilfI~Illllllll~l .REw B(CY II 

OF OF OF MEAN Y*X1YUM MEANOFU8 OFUS II 



TABLE 6-2 
SUM MARY OF SUBSURFACE SOlL DATA 

FROM TANKFARM 4 

OF OF OF MEAN MMMUY YEAN OF US U S  II 
D E ~ E C ~ ~  WL DETECTION CONCWTRATDN C O N C W ~ T D N  BICKOROVND BCICKWIWND 11 

onm m m  maw c m  maws m m b  II 
l11111111111111111111llll11111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllII 

II 
II 

0 005-0 006 
0 005-0 008 
0 006-0 OW 
0 005-0 006 
0005-0006 
0 0 0 5 - o m  
0005-0000 
a O M - o m  
0005-0 008 
0 0 0 ~ - 0 ~  

0 0 1 b  
0011-001 
001f-001 

0000-0025 
0005-0006 
0 005-0 006 
0 005-0 008 
0011-001 

0005-0006 
0005-0006 
0 005-0 006 
0011-001 

0005-0008 
0011-001 

0005-0006 
0 006-0 006 
0 01-0 016 
0 005-0 006 
0 DM-0 om 
0005-0008 
am-am 
0011-001 
0011-001 

0 006-0 006 

a SOLS m pum(h818 u b  ms conuactrews~d WMouUon tmlb COR4 
b U S  back(pund IMQ. and avraps concmwaum u s  tom (USQS 1984) 





TABLE E-S . 
SUMMARY OF QRWND WATER DATA 

FROM TANK FARM 4 

llH~~~llllll~IIIIIIIIIlIIIIIIlIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIlIIIIllUIlI~~~~lIIIIIIlIIIIIIIIIIIIlIlIIIIIIIIIIIIII1I~~~I~~~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlI1IIIIIIIII~~I~~Illlllllllll 

I! ( FREQUENCY RANQE 11 
I OF OF OF MEAN MUlUUU BACKGROUND II 

11 INORQANICS I ! ! 

II I II 
11 VOVlTLE S I 11 
II I II 
111.1 - 0 r h l o r a h n o  1 0111 6 N A N A N A <6 I\ 
I l l . 1 - O k h l u a m w  I 0111 6 N A N A N A <6 11 
Ill.l.1-TnshlomaQ~na 1 0111 6 N A N A N A <6 11 
111.12-TnshlomaU1anr I 0111 6 N A N A N A 6 11 
Ill.122-Tab.chluo&ma I 0111 6 NA N A N A 6 11 
111.2-DkhkraU%u* I 0111 6 NA N A N A 11 
I l 1 2 - D r h l ~ a l h 0 1 ~  I 0111 6 NA N A N A <6 11 
111 2- D ~ ~ h l u c p r o ~ ~ r  1 0111 6 N A N A N A <6 11 
111.5-Drhluopop~. (Cis) 1 0111 6 N A N A N A <a 11 
111.5-Drhlaopopane (mrms) I 0111 6 N A N A N A 4 11 
112-Butanan 1 0111 10 N A N A N A < l o  11 
112- Hexmma 1 0111 10 NA N A N A < t o  11 
114- ~ r t h y l - 2 - ~ m t u r m r  I 0111 10 NA N A N A 11 
l l k a t m o  1 0111 2- 10 N A N A N A (10 11 
I l B m z r u  I 0111 6 N A N A N A 6 11 
~ 1 B r m o d ~ l u o M l h n r  1 0111 6 N A N A N A <6 (1 
l p r o m o k m  I 0111 6 NA N A N A <6 11 
11BromonwDIme I 0111 10 N A N A N A < l o  11 
I lCubm dtaulllda I 0111 6 NA N A N A 6 11 
IICubonTetachlorida I 011 1 6 N A N A N A 4 II 
I p h l u & m z w  1 0111 6 N A N A N A <6 11 
l l C h I Q a m ~  1 0111 10 N A N A NA < l o  11 
llChluobrm 1 0111 6 NA N A N A <6 11 
IFhlaomeUmna I 0111 10 NA N A N A < l o  11 
IID~bromosUoromrhma I 0111 6 N A N A N A <6 11 
IIEhylbmzma I 0111 6 N A NA N A <6 11 
I IMmylme chlmde 1 0111 6-8 N A N A N A 11 
IlW-n* I 0111 6 N A NA N A <6 II 
I~.bachlomoU~*re 1 0111 6 N A N A N A 11 
I i lobnne I 0111 6 NA N A N A <6 11 
I m & l a o d m e  I 0111 6 NA N A N A <6 1 1  
IlVnyl asatate I 0111 10 NA N A N A (10 11 
IlVhyl chlmdr 1 0111 10 N A N A N A < l o  11 
IPWn*s 1 0111 6 N A N A N A <6 II 
1111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllullllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

a SQLs h pum(hr8is a n  h a  cmOaclr*wkad wum8bm Umlr (CQRL) 
NA Not *pplrabla 





TABLE 6-4 
SUYYARV OF BURFACE WATER DATA 

FOR TANK FARM 4 

ii VOUTLE s 

~~~~~~~~~~~~~~IIIII~a~~II~IIIIII~~III1i1I~~I~I~~~I~IIIII~~gI~I1~II~11II1I11~~g~~I~;~;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
WEWENCV RANQE 11 

OF OF OF MEAN OF YUIUUU II 
OETECTION S U  DETECTION CONCENTRATION CONCEWRATION II 

164-570 
N A 
2 

100-124 
N A 

50-55 
18100-50000 

4 
N A 
N A 
N A 

w-18000 
5-5 0 

2370- 10100 
P 8- two 

N A 
N A 

Zs20- 1 tooo 
5 1 
N A 

673O-lrn * 



T*BLE 6-4 (cmt ) 
WUYARY OF SURFACE WATER DATA 

FORTANK FARM 4 

II 
11 COUP W N D  NAME 
II 
11111111111111111111llllllllllllllllllllllllllllllllllllllllll 
II 
II BEUNOUTILEB 
Il 
~~12-D1chW&a11z~ to- 12 

10-12 
10- 12 
10- 12 
to- 12 
10-12 
10-12 
10-12 
6 0 - 0  
10-12 
10-12 
10-12 
m-w 
10-12 
6 0 - 0  
10-12 
10- 12 
6 0 - 0  
20- 24 
10- I 2  
10- 12 
10- 12 
10-12 
10- 12 
m-0  
6 0 - 0  
m-w 
10- 12 
10- 12 
10-12 
m-w 
10- 12 
10-12 
10- 12 
10-12 
10- 12 
10- 12 
10- 12 
10- 12 
10- 12 
11-12 
10-12 
10-12 
10-12 
10-12 
10-12 
10- 12 
10- 12 
10- 12 
10- 12 
10- 12 
10- 12 
10- 12 
10- 12 
10- 12 
10- 12 
10-12 
10- 12 
10-12 
10- 12 
10- 12 
6 0 - 0  
to- 12 
10- 12 
10-12 



TAELE 6-6 
SUMMARY OF SEDIMENT DATA 

FORTANK FARM 4 

11111l11111111111111llllillllllllllllllllllllllllllllllllllllll 
II 
I1 

COMPOUND NAME 

II INORQANICS 

FREQUENCY RANQE 11 
OF OF OF MEAN OF MAXIMUM II 

DETECTION 8 4  DETECTION COMCEHTRATION CONCENTRATION 
( m e w  ( m o p )  ( m a w  ( m m a  11 

11111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllullllllllllllllllllllllllllllllllll~lllllllllllllllllllllllllllllllllllll 



TABLE 6- 6 (on0 
SUMMARY OF SEDIMENT D m  

FORTANK FARM 4 

11 COYPOUND NAME 
II 
11111111111111111111lllllllllllllllllllllllllllllllllllllllllll 

I' BEYNOLATILES ! 

115- Nf@oMllr* 
I ~ 3 . S - D k h l u ~ x l d h e  
IF-Bmmophmyl-phmybhtr 
IF-Chlom-5-memylphnol 
Il4-Chlarunllne 
IW-Chlmphmyl-phmy*mr 
IF- Memylphmol 
IF- N t ~ ~ l h .  
1p- N tophmo l  
Ip.8- dnbo -2 -mmvphmo l  
I l rsmaphmme 
IIAcmaphlhylme 
IIAn(hmcmr 
l l B a x o r  acid 
IIBmzolaknlhracme 

II 
II PCB's 

llllllllllllllllllllllllllll1111111111111111111lllllllllllllllllllllllllllllllllllll1ll11111111111111111111111111111111111llllllllllllllllllllllllllllll 
FREQUENCY RANGE RANGE OEOUETRC 11 

OF OF OF UEAN OF MAXIMUM II 
WTECTION 8 4  DETECTION CONCENTRATION CONCENTRATION II 



TABLE 6-0 
SUMMARY OF CONTAMNANTS 

TANK FARM 4 

11111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllll 

COMPOUND NAME 
II 

a- 
6. a*.. 
a. 
a. 
a. 
a a... 

a- a... 
a 

a- 
&** 
6 

&... 

a* a... 
L a... 
6 
a a,.. 
a 
a* 

a 
a 
6 

a 
a 
a 

&... 
a 
a 

a 
a. 

a 

a. 
6. 

a 

l l l l l l l~l/~~l~ll l l l l l  

SURFACE SOIL 
SAMPLES 
mwn) 

11111111111111111111llllllllllll 

SAMPLES i SAMPLES 

1111111l11111111111111lllllll 
WNGE OF 

SEDIMENT 
SAMPLES 

a w e d  u ch.rnlsds 01 potonnd concern (orbis lm 
&h ddraaad quMM.hIy ody 

** Rak d d m s r d  quslrt.thvW OW 
Rsk addresad both quMM.(Inty.nd qrullt.Wdy 

x V.h*,'W'qwlhd d.bOdy 
NO NotDelechd 



TABLE 6-8 (so*) 
SUMMARY OF CONTAMNANTS 

TANK FARU 4 

llllllllllll~H~llIIIIIIl~IIII~IIIIIII~lll~llllllllllllllllllllllllllll ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I I I I I I I ~ I I I I I I I I I I I I ~ ~ ~ Q I ~ ~ I I I I I I I I ~ I I I I I I I ~ I ~ I ~ I ~ ~ I I I I I ~ I I I I I I I I ~ I ~ I ~ I ~ ~ I I I I I I ~ I I ~ I I I I I I I I ~ ~ I ~ I ~ ~ I I I ~ ~ ~ ~ ~ ~ [  
I1 COYPOUND NAME 1 SUPSACE SOIL I SUBSURFACE SOIL1 OWUND WATEI BEDIMENT I SURFACE WATER II 

ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
NO 
ND 
ND 
ND 

x o w  
NO 
ND 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
ND 

1366 
x o 4 3  
X 043-046 
X O U - 0 6  
X O U - 0 4 6  
X O U - 0 6  

ND 
ND 
ND 
ND 

X 0 4 3  
X 0 4 3  
X 0 4 3  

ND 
X O U - 0 4 6  

NO 
ND 

O M  
X 043-046 

ND 
ND 
ND 
ND 
ND 
ND 







TABLE 5 -8 
SCENARIO 1 

SUMMARY OF CANCER RISK ESTIMATES 
TANK FARM FOUR 

1111111111111111111lllllllllllllllllllllllllllllllllllllllll1111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll1111111111111111111ll II 
I I I TOTAL 1 TOTAL 1) 
II i PATHWAY i RISK ii 
11 I RISK I I I 
1111111111111111111lllllllllllllllllllllllllllllllllllllllll1111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll1111111111111111111ll II 
I I 1.2E-06 11 1.8E-05 CHILD MEAN 
II 1.8E-06 11 2.8E-05 ADULT MEAN 
I I 6.2E-07 (1 5.4E-05 CHILD MAXIMUM 
llEXPOSURE PATHWAY: DERMAL CONTACT WITH CHEMICALS IN SOIL 9.2E-07 11 8.2E-05 ADULT MAXIMUM 
1111111111111111111lllllllllllllllllllllllllllllllllllllllll II1111111111111111111lllllllllllllllllllllllllllllllll1111111111111111111lllllllII1111111111111111111ll II1111111111111111111 II 
II 1.7E-05 11 CHILD MEAN 
II 2.6E-05 11 ADULT MEAN 
II 5.3E-05 11 CHILD MAXIMUM 
((EXPOSURE PATHWAY: INGESTION OF CHEMICALS IN SOIL 8.1 E-05 (1 ADULT MAXIMUM 
II11111111111111111111llllllllllllllllllllllllllllllllllllll1111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll Ill 
I I 3.6E-08 11  CHILD MEAN 
I I 4.2~-08 ii ADULT MEAN 
I I 4.OE-08 11 CHILD MAXIMUM 
IIEXPOSURE PATHWAY: DERMAL CONTACT WITH CHEMICALS IN WATER 4.7E-08 11 ADULT MAXIMUM 
~~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i i ~  
II 1 2.3E-07 11 CHlLD MEAN 
~IEXPOSURE PATHWAY: INGESTION OF CHEMICALS IN SURFACE WATER i 3.2~-07 ji CHILD MAXIMUM 



TABLE 5-9 
SCENARIO 1 

SUMMARY OF CHRONIC HAZARD INDEX RATIOS 
TANK FARM FOUR 

11111111111111111111llllllllllllllllllllllllllll111111111111111111111111111111111111111111111111llllllllllllllllllllII111111111111111111111111III1111111111111111111111111111111111111111111II 
11 I PATHWAY I TOTAL II 
I I i HAZARD i HAZARD 11 
11 I INDEX I INDEX 11 
11111111111111111111llll11111111111111111111llll1111111111111111111111111111111111111111111111111111111111111111111111I1111111111111111111111111111111111111111111llllll1111111111111111111lll 
II 3.7E-03 1) 1.OE-01 CHILD MEAN 
1 1 2.3E-03 1) 5.5E-02 ADULT MEAN 
I I 2.OE-03 11 1.4E-01 CHILD MAXIMUM 
IFXPOSURE PATHWAY: DERMAL CONTACT WITH CHEMICALS IN SOIL 1.3E-03 11 6.9E-02 ADULT MAXIMUM 
11111111111111111111llllllllllllllllllllllllllll11111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllll11111111111111111111llll11111111111111111111lllllllll 
II 8.4E-02 II CHILD MEAN 
II 5.z~-02 ii ADULT MEAN 
11 l.lE-01 IICHILD MAXIMUM 
I(EXP0SURE PATHWAY: INGESTION OF CHEMICALS IN SOIL 6.7E-02 (1 ADULT MAXIMUM 
11111111111111111111llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll11111111111111111111llllllllllllllllllllllllll11111111111111111111lllllllll 
II 2.E-03 11 CHILD MEAN 
II 1.OE-03 IIADULT MEAN 
II 2.E-03 llCHl1.D MAXIMUM 
IEXPOSURE PATHWAY: DERMAL CONTACT WITH CHEMICALS IN WATER 1.E-03 IIADULT MAXIMUM 
~~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~~I 
I I I 1.4E-02 jJ CHILD MEAN 
l EXPOSURE PATHWAY: INGESION OF CHEMICALS IN SURFACE WATER 1 2.5E-02 IICHILD MAXIMUM 









NV~WI~ 83-38 L 11 
Ill lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

WIIIWIXW~ W+~C b m-30 z 1108 NI SlWIW3H3 HUM 13VlNCO lVWM30 AVMHlVd ~~M~sO~XJI 



TABLE 5-14 
SCENARIO4 
SUMMARY OF CANER RlSKESTlMAES 
TANK FARM FOUR 

- - 

r a-M ii 4 G-01 ADULT MEAN 
S S-03 II S R - 0 3  CHILD MAX 































TABLE 6-7 
SCENARIO 1 

SUMMARY OF CANCER RlSK ESTIMATES 
TANK FARM FIVE 

11111111111111111111ll llllllllllllllllllllllll II 
I TOTAL I TOTAL 11 
I PATHWAY I EXPOSURE )I 

I I I RlSK I RlSK 11 
11111111111111111111lllllllllllllllllllllllllllllllllllllll111111ll111l11lll1llIlIlIIII ........................................................... ..... l1111l11111lll1I1111llllllll 11111111111111111111llll1111111111111111111lll11111111111111111111llll Ill 
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Blood Lead D i s t r i b l l t i o n  i n  0-6 Year Old 
C h i l d r e n  a t  M c A l l i s t e r  P o i n t  

(Geometric Mean S o i l  Lead For The E n t i r e  s i t e )  
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BLOOD LEAD CONCENTRAT ION c u g / d L  > 
8 to  72 Months 



Blood Lead D i s t r i b t ~ t i o n  i n  0-6 Year Old 
C h i l d r e n  a t  M c A l l i s t e r  P o i n t  

(Geometric Mean S o i l  Lead For The "Impacted1' zone)  
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Cutoff: 16.0 ug/dL 
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BLOOD LEAD CONCENTRATION Cug/dL> 
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Blood Lead D i s t r i b t l t i o n  i n  0-6 Year Old 
C h i l d r e n  a t  M c A l l i s t e r  P o i n t  

(Maximum S o i l  Lead For The E n t i r e  S i t e )  
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